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SYNOPSIS 
ERGONOMIC DESIGN AND EVALUATION OF A NEW COMPUTER KEYBOARD 
THROUGH MEASUREMENT OF PHYSIOLOGICAL COST OF OPERATION 
UNDER THE INFLUENCE OF ORGANISMIC FACTORS 
A Thesis Submitted 
in Partial fulfilment of the Requirements 
For the Degree of 
DOCTOR OF PHILOSOPHY 
by 
YUNIS AHMAD HAJ HUSSAIN MOHAMMAD 
to the 
DEPARTMENT OF MECHANICAL ENGINEERING 
(INDUSTRIAL ENGINEERING GROUP) 
ALIGARH MUSLIM UNIVERSITY, ALIGARH (INDIA) 
With the massive introduction of the visual display units (VDUs) all over the world 
in varieties of work environments, a large number of persons are being daily exposed to 
interaction with the computers through its keyboard system. The product-line of keyboard, 
historically, can be traced in the form of the first traditional typewriter, produced about 135 
years ago. These designs considered mainly efficiency of the machine, while human factors 
were not of much interest. With the advent of computers and expanding use of inputyoulput 
devices an .improvement in the design of keyboard-system has already led to the separation 
of the keyboard from the VDU. However, the static and dynamic loads imposed on users have 
not decreased and the keyboards available in the market remain still ergonomically ill-
designed and have many non-ergonomic features. Present study made an attempt to explore 
the possibility of re-shaping the conventional keyboards without changing the configuration 
of the keys on the keyboard. The proposed modified designs ("Uni-shaped" and "Split-
shaped") which were developed locally in the Ergonomics Laboratory of the Department of 
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Mechanical Engineering, Aligarh Muslim University, Aligarh (India), provided a keyboard 
system, reshaped in order to make it more compatible from ergonomic-design standpoint. In 
all, six studies were planned to investigate the effects of organismic variables: sex, age and 
laterality on human performance in the context of the computer-keyboard operation, in 
general, and the data entry task in particular. 
A pool of subjects was selected through an analysis of the data related to organismic 
characteristics of the sample population. From this pool, sample-sets with appropriate subject 
characteristics were selected for different experiments. Performance of the operators was 
evaluated in terms of muscular fatigue, measured through the technique of electgromyogrphy, 
induced in operators as a result of continuous keying operation under the postural stress of 
various degrees of forearm pronation and changes in the tilt and base angles of the 
"Conventional" and shaped (either "Unishaped" or "Split-shaped") keyboard designs 
respectively. Two independent variables viz keyboard design and inclination of the keyboard 
having 2 and 4 levels respectively were explored in all the six studies undertaken in the present 
work. The third factor that varied from study to study was sex (study-1 and -2), age (study-
3,and -4) and laterality (study-5, and -6). A 2 (the varying factor) x 2 (keyboard design) x 
4 (keyboard inclination level) kind of factorial design with repealed measures on the last two 
factors was employed in all the investigations except the one involving "Age" where the 
varying factor i.e. age was at 4 levels. 
Experimental task performed by the subjects was presented through a document 
holder set in front of the subject. Meaningless words, adopted to eliminate the biasedness 
among the subjecLs, were required to be entered by the subjects through the specifically 
designed computer keyboards. Subject's muscular fatigue, expressed in integrated EMG-
units, when they worked on "Conventional" and "Unishaped" designs of the keyboard (study-
1, -3 and -5), and "Conventional" and "Split-shaped" kind of designs (sludy-2,-4 and -6), 
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was measured through elcctromyograph thai was fitted with the appropriately designed 
interfacing systems. Subjecls were instructed lo perform the data entry task keeping in view 
both the accuracy as well as speed of operation. 
The first experiment (study-1) investigated the effect of sex on key-board design 
under "Conventional" and "Uni-shaped" types of keyboard-environments. Twenty subjects 
(ten males and ten females) participated in this study. Results indicated that (1) there is no 
gender-effect on keying performance (2) muscular fatigue decreased linearly with an 
increase in keyboard- inclination level (tilt angle/base angle). However, results of the simple 
main effect analysis indicated that the level of the base angle of the "Uni-shaped" keyboard 
was non-significani (3) "Unishaped" keyboard appeared lo be superior to the "Conventional" 
keyboard. (4) Simple main effects indicated that within the specified level of the base angle 
of the "Uni-shaped" keyboard, inclination level does not have a significant effect on human 
performance. The second experiment (study-2) investigated the effect of sex on keying 
performance under "Conventional" and "Split-shaped" types of keyboard-environment. 
Twenty subjects (ten males and ten females) participated in this study. Results indicated that 
(1) there is no gender-effect on keying performance, in general, and in data entry task, in 
particular (2) muscular fatigue decreases linearly with an increase in inclination level of tilt 
angle of the "Conventional" keyboard (3) "Split-shaped" keyboard was ergonomically more 
.efficient than the "Conventional" one. (4) analysis of the simple main effects indicated that 
within the specified inclination levels of base angle of the "Split-shaped" keyboard, 
inclination level does not have statistically significant effect on human performance. 
In the third experiment (study-3), the effect of age on keying performance under 
"Conventional" and "Unishaped" keyboard-environments was investigated. Twenty eight 
subjects, divided consciously into four age groups (13-15y, 18-23y, 25-35y and 40-50y) with 
seven subjects in each group participated in this study. Results indicated that (1) age has a 
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significant effect on keying performance only at lower levels of the till angle of the 
"Conventionar' type of keyboard design (2) "Uni-shaped" keyboard was more efficient than 
that of "Conventional" one at lower inclination levels (3) muscular fatigue decreased with 
an increase in tilt angle of "Conventional'" keyboard. In the fourth study (study-4), the effect 
of age on keying performance under "Conventional" and "Split-shaped" types of keyboard 
design was investigated. Twenty eight subjects divided into four age groups, similar to those 
employed in the previous study (study-3), with seven subjects in each group participated in 
this study. Results indicated that (1) there was no significant effect of age on human 
performance in the context of keying process (2) muscular fatigue went on decreasing with 
increasing inclination level of the keyboard, particularly in terms of the tilt angle of 
"Conventional" type of the keyboard (3)" Split-shaped" keyboard offered a better proposition 
from muscular fatigue point of view. The fifth study (sludy-5) investigated laterality or 
motor-sidedness effect on human performance under the "Conventional" and "Uni-shaped" 
environments of the keyboards. Ten right-sided and ten left-sided subjects classified by the 
Annet's inventory system, participated. Results indicated that (1) laterality characteristic of 
humans does have an effect on human performance so far as the keying operation is 
concerned. In this context left sided subjects performed better than those possessing right-
sided laterality (2) "Unishaped" keyboard emerged to be ergonomically more efficient than 
the "Conventional" one specially at the lower tilt angles of "Conventional" keyboard (3) 
human muscular fatigue decreases linearly with an increase in the keyboard tilt angle (4) 
simple main effects indicated that within the specified level of the base angle of "Uni-shaped" 
keyboard, the inclination level does not have a significant effect on human performance. In 
the sixth experiment (study-6) the effect of motor sidedness on human performance under 
"Conventional" and "Split-shaped" types of keyboard design was investigated. Ten right-
sided and ten left-sided subjects, categorised as in the previous study (study-5) participated 
in this study. Results indicated that (1) motor-sidedness emerged to have a statistically 
significant effect on human performance. Muscular fatigue in left-handed subjects was less 
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than thai induced in right-handed individuals (2) lower levels of base angle result in increased 
human muscular fatigue, particularly when the "Conventional" keyboard is employed (3) 
"Split-shaped" keyboard offered a better proposition in terms of muscular fatigue at lower 
inclinations (tilt angle/ base angle) of the computer keyboard. 
The above findings led to the following inferences and recommendations: 
(1) Modified shapes (either "Unishaped" or "Split-shaped") of keyboards emerged to be 
less fatiguing than the "Conventional" keyboards, and that the level of tilt angle of 
"Conventional" keyboard does have an effect on human performance. This implies 
that designers of the computer keyboards may consider in terms of different 
keyboards design in order to bring in compatibility between the computer system and 
human operators so far as the inclination (lilt angle/base angle) levels are concerned. 
(2) Human-motor-sidedness, an important variable in the context of HCI, emerged to 
have a statistically significant effect on human performance so far as the keying 
process is concerned. This important finding opens up new avenues for human factors 
specialists. Moreover, the future system designers in light of the present findings, 
would have to evolve two distinct keyboard designs: one compatible for right-handed 
operators and the other for left-handed persons. 
(3) Movement time ability appears to be an important factor in keyboards design. It 
appears that there is a need for further exploration of this phenomenon with more 
emphasis on experimental control. 
(4) The findings of the present study indicated that age does not have an effect on human 
performance. On the other hand the available literature on human aging in 
environments other than human-compuier-interaction environment, indicated that 
age does have an effect on human performance. This state of affair demandsa more 
concerted effort on the part of the human factors engineers to explore this issue, 
particularly on human computer interaction in a more rigorous manner. 
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CHAPTER I 
INTRODUCTION 
Human Factors Engineering/Ergonomics enhances noi only lo the efficiency of 
a man-machine system, but it also contributes to the goal of achieving an optimal level 
of human performance amalgamated with a protected and hazard free working 
environment from operators' view point. Human performance is directly dependent on 
the physical and mental capabilities and limitations of the concerned operator. ErgonomisLs 
play an important role in evolving an optimal design of man-machine systems. "Each 
phase of the system development introduces behavioural questions that must be an.swered 
if the system is lo be designed properly" (Meister, 1982, p. 119). Among the varieties of 
man-machine systems, human-computer interaction (HCI) system represents one of the 
rather recently evolved and most widely used system that challenges the system designers 
in designing and developing the model that might resolve many organismic and 
environmental problems linked with the usage of computers. With the rapidly increasing 
pace of computerisation in almost every walk of life not only in developed nations but 
also in developing countries the use of Visual Display Units (VDUs) has been on increase 
all over the world. This trend of advancement and widespread usage of computers has 
posed a serious concern as to whether the employment of VDUs is a source of 
occupational health hazard for its users. Numerous reports have agreed that the computer 
usage causes occupational problems and high level of discomfort to the users" eyes (e.g. 
Grandjean and Vigliani, 1980; Zhu and Wu, 1990; Stewart, 1978; Iwasaki et al., 1989). 
So far a the solution of such problems are concerned it has been suggested that these can 
be overcome by controlling the visual parameters of the screen (WHO, 1989). There have 
been some musculoskeletal problems also ass(x;ialed with the use of computers (Jeyaratnam, 
1992). Many of these problems can be solved by applying ergonomic principles to the 
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design or the work place environmcnl (WHO, 19S9). Repetitive strain injury (RvSl) is yet 
another fall out that has been recently reported among end- users ol the computers ( 
Hobday, 1988). This type of injury can be minimised by evolving an ergonomic design 
of the computers' keyboards. However, as of today it does not yet exists (Technorama, 
1992). On the other hand, the keyboard is the only means of communication between the 
man and computers, making it necessary to evaluate the factors basically responsible for 
deterioration in human performance in an HCI environment. Major responsibility to 
avert RSI kind of muscle injury lies on the shoulders of human factors engineers, 
particularly, in the light of reports that the keyboard design is the main cause of many 
types of musculoskeletal disorders (Kcormer, 1991). In general, during the keying 
operation on a computer humans have to perform many moioric-actions almost 
simultaneously. How efficiently and successfully the individual tasks are accomplished 
by a computer-user would depend upon his/her organismic characteristics, design of the 
keyboard and the environmental conditions in which work is being accomplished. 
From the literature reviewed it appears that very few investigations have been 
. conducted in the past to study the effect of keying operation on human performance in 
an HCI environment. The responsibilities of ergonomists / human factors specialists in 
this context become exceedingly important in order to augment a still better utilisation 
of the existing keyboards available in the market and/or to design a new keyboard that 
takes into considerations the human factors in order to evolve ergonomically a superior 
version of the man-machine-interface. This is a real uphill task as in absence of the 
ergonomic data, it is not possible for the system designers to evolve machines that could 
enhance the performance of the operators working on the computers' keyboard. The 
ergonomic evaluation and/or investigations would imply the study of man in relation to 
the equipment and the environment. Today ergonomists are involved in design and 
evaluation of man-machine systems by making use of multiple ergonomic approaches. 
Under these circumstances, it is essential to look for and identify those variables that may 
be held responsible for decrement in human performance. Keeping these facts in view, 
an attempt was made through the various studies presented in this work to determine the 
effects of some pertinent factors on the keyboard design. Among the organi.smic variables 
sex, age and human laterality were investigated. In all the studies undertaken in the 
present work, muscular fatigue constituted the basic measure of human performance. 
Through the set of these studies an effort was made to evolve that keyboard design which 
would result in a more compatible form of the human-computer interaction system. For 
this purpose in the course of investigations, varying inclination levels of "Conventional" 
and "Experimental" (Unishaped and Split-shaped) keyboards were explored. The 
inclination levels selected were representative of those likely to be encountered in a real 
life environment of work on a computer. The presentation of the work put forth in the 
form of the present thesis is organised into five chapters. While the current chapter 
(Chapter I) deals with the introduction of the thesis. Chapter II presents an overview of 
previous researches carried out in the field of HCI with special coverage of the relevant 
parameters explored in the present work. Chapter III deals with the problem statement 
and research methodology including such aspects as experimental design, subject-related 
information, the experimental task and related set-up and general experimental procedure 
employed in all the investigations undertaken. The next chapter. Chapter (IV), forms the 
core of the thesis. In this Chapter the findings pertaining to the effects of different 
organismic factors on human performance are presented. For each of the six studies 
undertaken, the purpose, methodology, analysis, results discussion and conclusions are 
presented in a systematized manner. A general discussion based on these studies and the 
conclusions drawn on the basis of the findings conclude Chapter IV. The last chapter of 
the work. Chapter V, summarises the findings, puts forth the major conclusions of the 
work and finally unfolds the recommendations for the system designers of tomorrow in 
the form of scope for future research. 
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CHAPTER II 
LITERATURE SURVEY 
It has been nearly 30 years since the visual display units (VDUs) appeared on the 
computer workstations, and since then they have drastically transformed the nature and 
architecture of office-work and industrial environment. Recently, all over the world the 
concern has been voiced about the possible adverse effects of VDUs, in general, and of 
the computer keyboard-design in particular, on workers' health and well-being. The 
purpose of the present review is to put forth some major features of the previously 
conducted researches in ergonomics (human factors engineering) pertaining to VDU 
operation from human performance engineering standpoint with particular reference to 
the keying tasks. A systematic and well-focused review of the thematic matter follows. 
2.1 Studies On Human Performance Involving Electromyography 
Varieties of technique for measuring human fatigue have been developed over 
a span of about last three decades or so. Among these, one of the most celebrated 
techniques is the electromyography (EMG) which has been widely used for the last so 
many years in assessment of human muscular fatigue. It has been found to be highly 
sensitive to pathological changes that occur in muscles (Bilodeau et al, 1992).The 
electrical activity recorded from a muscle when the muscle is under contraction is 
commonly known as the myoelectric or muscle potential (Strasser et al, 1992). The 
relationship between muscle-fatigue and integrated EMG signals as reported in literature 
has been found to be linear (Lind and Petrofsky, 1979), exponential (Metral and Cassar, 
1981) and quadratic ( Zuniga and Simons, 1969). The frequency shift was studied for 
a variety ol muscles (Komi and Tesch, 1979). The slope of the EMG/lorce relationship 
has been used as a measure ol the efficiency of muscles in such tasks where muscles are 
in tension (De Vries, 1968; Hagbcrg, 1981). The shift in the mean (Kwanty et al 1970) 
and median (Boxtel el al 1983; Jorgen.scn et al, 1985) frequency of the EMG spectrum 
was used as an index of fatigue. In addition, sometimes the root mean square (RMS) value 
was also used for this purpose. It was reported that the mean frequency also provided 
information about localized muscle fatigue (Lindstrom et al, 1977). The center frequency 
of the EMG signal was found to be independent of muscle fatigue, and decreased linearly 
with "exercise-time" during the isometric contractions of the muscles (Petrofsky, 1980). 
However, some of the studies also reported of increase in center frequency with the level 
of muscle fatigue (Moritani and Muro, 1987). It was also found that the integrated EMG 
signals increased with the muscle-fatigue (Currier, 1969). The frequency spectrum of 
EMG signals has been found to shift towards lower frequencies during contractions 
(Edwards, 1981). The amount of shift in frequency was due to increase in the power of 
the lower frequency (Chaffin, 1969). 
The set of techniques used to collect tne data through EMG varied considerably 
from one area of application to another. For example in studying the cost of work in 
medical nursing, data were obtained by continuously monitoring method. The 
electromyograms using a 4-channel, miniature, body-worn tape recorder was employed 
such that one channel was used to record the EMG while the other was used to record time. 
The recorder worn on a belt scarcely interfered with the nursing duties (Fordham et al, 
1978). In another study pertaining to the physiological responses to load holding and load 
carrying, the EMG signals were recorded by telemetry on a multi channel recorder. It 
integrated the EMG signals and recorded an impulse whenever the integrated EMG 
reached a threshold value (Evans, 1983). In yet another study involving back load in 
assembly line work, the myoelectric activity of the posterior back muscles was recorded 
with the six bipolar surface electrodes. The signals were led lo pre-amplifiers placed in 
a box which was strapped to the chest of the subject and from there to main amplifier and, 
finally, lo the tape recorder (Anderson, 1984). Similar technique was also used by 
Jorgensen (1985). In the assessment of fatigue in tasks involving repetitive arm 
elevations, the myoelectric activity was recorded by means of bipolar surface electrodes. 
EMG signals were amplified and recorded on a tape recorder and were analysed by 
computer (Hagberg, 1981). In studying the fatigue of upper extremity posture in a VDT 
data entry task, the EMG signals were amplified by Backman EMG couplers that 
convened the raw signals to contour following integrated EMG (lEMG) technique. The 
lEMG was sampled through analogue to digital conversion and averaged by means of 
a microcomputer (Rosa and Anderson, 1985). 
In multiple-muscle studies, EMG signal of fatigue has been encountered in some 
muscles, while other muscles which would be expected to bear equal or greater effort 
showed no significant indication of fatigue (Kedefors et al, 1976; Hagberg, 1981; Bobet 
and Norman, 1984). Large differences have also been encountered in EMG signals of 
subjects who worked even under equivalent working conditions (Asfour et al,1985). In 
studies on fatigue developed in hands, neck and shoulder Hulter (1980) reported that in 
work posture demanding elevated arms, the local load on the shoulder-muscles is 
basically responsible for giving rise to fatigue. By means of EMG analysis, shoulder-
fatigue has been found to be dependent on the working posture. Strain on the shoulder 
and neck muscles during the letter sorting operation was studied by EMG and result 
indicated that muscle fatigue was present in the trapezius and in spinets muscle (Jorgensen 
et al, 1985). It was also found that unsuitable arm positions, led to localized muscle 
fatigue and frequently employed unsuitable arm position often led to even shoulder pains. 
In many studies strain on shoulders and neck muscles of welders, painters, carpenters and 
industrial workers was studied through EMG analysis revealing that in all these cases 
muscle fatigue was present (Jonsson et al, 19K1; Ekholm el al, 19S2). On the basis of the 
EMG technique, the laterality effect was studied. It was reported that in very few cases 
differences between contralateral sides of normal subjects were observed. In most of the 
cases no differences have been found for both upper and lower limb muscles (Bilodeau 
et al, 1992), between right and left sides with regard to both the time and frequency of 
EMG signals (Blaschack and Keesey, 1990). Investigation on fatigue of the first dorsal 
interosseous found that during sustained contractions of the muscular fibers the EMG 
signal decreased faster in the dominant hand of right-handed individuals, whereas no such 
observation was recorded for left-handed subjects (De Luca el al, 1986). 
2.2 Studies on Keyboard Design 
Since the first traditional typewriter was produced about 135 years ago by Sholes 
and Glidden, "there has been innumerable efforts to improve the typing performance by 
changing the keyboard layout" (Kroemer, 1992, p.83). The original QWERTY keyboard 
considered mainly the efficiency of the machine, while human factors were not of great 
interest (Gopher and Raij, 1988). The first version of the typewriter which was produced 
in 1866 comprised of keys arranged alphabetically in two straight rows, whereas in 1873 
the QWERTY version of the keyboard layout was introduced for the first time as an 
international standard and since then it has been in use. Today it is now being used in the 
keyboard of computers also (Kroemer, 1993). In the past, only few studies have been 
conducted on various facets of the keyboard layout. These have focused mainly upon such 
parameters as the layout of the keys on the keyboard (Dovorak et al, 1936; Ferguson and 
Duncan, 1974; Aldenet al, 1972; Martin. 1972), keyboard angle, key characteristics, and 
colour and thickness of the keyboard (Claridge, 1980). So far as the shape of the keyboard 
is concerned there has been perhaps only one major study in the field resulting in the 
evolution of a three dimensional keyboard called MALTRON keyboard (Hobday 1985). 
As the science of man-machine systems has been improving day by day and 
electronics based systems have been emerging at a very fast rate, there has been a tendency 
to go deeper into the mechanical components associated with the keyboard design. This 
situation has already led to the conditions of separating the keys from the VDU (Hobday, 
1985). However, the introduction of electronic keyboard and visual display units (VDUs) 
has not reduced the static load imposed on clerical workers (Hunting et al, 1981). 
Basically it was for long term typing task that the split-keyboard design was recommended 
(Zippelal, 1983). 
Analysis of the relationship between operating posture while working on the 
keyboard and symptoms of fatigue was carried out by many investigators (e.g. Duncan 
and Ferguson, 1974; Ferguson, 1971; Zipp et al.^983; Nakaseko et al 1975). The static 
tension produced while maintaining the sedentary posture in typewriting endured over 
some time may lead to strain and, hence to fatigue (Rohmert and Luczak, 1978). Physical 
impairments in hands, shoulders and neck were reported by some workers working on 
the computer keyboards. Such operators were found to be often belonging to the working 
groups at data entry terminals (Hunting et al, 1980). In order to reduce this physical 
impairments or what is called fatigue researchers recommended that neck should not be 
bent more than 20 degrees, shoulders must be relaxed, elbows should be hanging down 
with an angle ranging from 80 to 100 degrees, forearms and hands should be in horizontal 
position and finally, forearm and hand supports should be provided (Grandjean, 1980). 
Medical findings indicated the incidence of painful pressure on tendons, joints and 
muscles of the shoulders. These clinical symptoms in the shoulder were observed in data-
entry tasks as well as in typing work, while it was rarely observed in control group of 
traditional office workers (Hunting et al, 1980). In the last decade or so , design of the 
keyboards focused heavily upon the keyboard thickness. The aim was to design a thin 
keyboard, which did not require a hand rest (Claridge, 1980). However, the complaints 
about wrisl-laligue and other pains continued to be reported (Hobday, 19K5). The work-
related disorders of the neck, shoulders, and arms cause concern in occupational health 
all over the world. This stale of disorder has been given many names. In Japan and the 
Scandinavian countries the term OCD (Occupational Cervicobrachial Disca.ses) is used 
(Maeda, 1977),in USA and Canada Carpel Tunnel Syndrome (CTS) and RSI (Repetitive 
Strain Injury) are used. In India, the equivalent term is occupational injury, while in 
Anglo-Saxon countries the terms Cumulative Trauma Disorder (CTD) and Repetitive 
Strain Injury (RSI) are generally used (Kilbom et al, 1986). RSI emphasizes the 
continuous repetitive kind of work-related injury, and concentrates more on forearm and 
wrist disorders (Browne et al, 1984). Repetitive Strain Injury is usually associated with 
the tasks characterized by raised arms, visual control, repetitiveness of work and a high 
demand of accuracy (Maeda, 1977; Bjelle et al, 1979; Hunting et al, 1980; Kvarnstrom, 
1983). Further it was reported that RSI developed in operators where work was often 
performed in the sealed posture under the environment of time stress (Kvarnstrom ,1983; 
Hunting et al, 1980). Similar symptoms were reported to have been often observed in 
writer's cramp, tennis elbow,cotton picker's arm, painters and in production and 
assembly line kind of work-settings (Hobday, 1988). It was also reported that RSI 
symptoms appeared in the hands and wrist of operators also when they worked on 
computers specially in the data entry kind of tasks. These symptoms were in the form of 
aches, pains and tingling in fingers, wrists, arms and shoulders (Hobday, 1986). Such 
injuries were reported to have influenced as many as about 185,000 US workers in 1990 
(Computerslbday, 1992). Stress from the keyboard operation was recorded to be the main 
cause of illness in telex operators in the Australian Department of Postal Services 
(Ferguson and Duncan, 1974). Similar findings were also reported in Germany (Zipp et 
al, 1983). A data entry female operator in California is reported to have developed carpal 
tunnel syndrome (CTS). The nerves serving her hand have been compressed as a result 
of typing on an IBM PC (Computers Today, 1992). When end users work on the keyboard 
with bent wrists, a very stressed andti'-xMoi position, they get tired as a result of the fatigue 
induced in wrists. This kind of injury is referred to Carpal Tunnel Syndrome. The carpal 
tunnel is a small channel formed by the carpal bones of the wrist. The median nerve runs 
through it and provides sensation and feeling to the users' hand. Tendons connecting the 
fingers also run through it. When wrist is extended the nerve and tendons get stretched 
and press the top of the tunnel. When repeated, long-term stress induced irritates the 
tendons resulting in its swelling which in turn exerts pressure on nerves. This irritation 
feeds upon itself cycle after cycle and thus CTS starts and users' fingertips have feeling 
tingling and pains (AliMed, 1994). To sum up, the keyboard is a very important 
component of human computer interaction (HCI) system and a concerted effort is 
required to be made in order to evolve a fully compatible and ergonomically designed 
keyboard, which at present is perhaps just not existing in the market. An ergonomically 
designed keyboard should take into consideration the tolerable angles of the joints of the 
shoulders.arms and hands (Zipp et al, 1983). QWERTY keyboard is presently being used 
all over the world , there being no other alternative to this keyboard (Owen and Bishop, 
1985), as it can be used by any one without much of training needed for its operation . 
2.3 Effects of Age on Human Performance 
All individuals in the world follow the course of aging which after 40 years or 
so decreases their adaptability to the working environment. Also as the people advance 
in age, their individual differences increase (Yokomizo, 1985). In general "older 
workers" refer to the persons between 40 and 60 years of age (Smith, 1986). There is a 
general agreement that humans decline in their ability to do a work after the age of 40 
(Kumashiro, 1985). The selection of age 40 as a dividing point between the younger and 
the older workers is an arbitrary demarcation, because the age at which actual employment 
difficulties are faced depends upon the operators' skill, union policies, the industry in 
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which one works, and such other factors (Davis and Mebarki, 1983). Despite the fact that 
anthropologically persons in the high age group differ from those in the low-age group 
in terms of such factors as sitting height, arm-reach and arm-span (Stoudt, 1981), "there 
are almost no data at all available on the aged and infirm" (Chapanise, 1974; p.8). Existing 
data on psychological aging are not of much value to human factorsengineers (Fo/ard, 1981). 
Few studies have appeared in the literature where effects of age on industrial tasks have 
been investigated (Murrell and Humphries, 1978; Salthouse, 1982; Marquie, 1985; 
Rabbitt, 1990). In the context of aging, studies on the hand movement ability indicated 
that the age of operator has a significant role to play (Davis and Mebarki, 1983). Older 
workers were slower in movement than the younger ones and they differed in physical 
and mental abilities (Yokomizo, 1985). Also younger people were reported to have 
committed more lapses than the older ones (Rabbitt, 1990). So far as the upper limbs' 
motion are concerned it was found that degradation was largest in the shoulders and 
smallest in the fingers (Yokomizo, 1985). Many studies have shown changes with age. 
It was found that the age as a variable had a significant effect on humans. Older subjects 
were found to have a higher level of exploratory activity than the younger people 
(Marquie, 1985). Sensory cardio-pulmonary functions and perceptuo-motor performance 
were also found to get effected by age (Kumashiro, 1985). 
Studies on the effect of age on such factors as visual performance with special 
reference to the visual display units (VDUs) indicated that visual performance went on 
decreasing with the increasing age (Mc Cormic, 1986). It was also suggested that the 
magnitude of the age-related differences for a process was directly proportional to the 
time it took the subjects to complete the process (Cerella et al, 1980). The ability of 
operators to perform work on VDUs was studied by Yamamoto et al (1982). They found 
a relation between aging-characteristics and the operators' performance in terms of 
character size of display and visual accommodation. Also the age of operators, the print 
11 
quality, and illumination level significantly influenced the performance of the VDU 
operators (Smith and Rea, 1978). In divided attention kind of tasks, it was found that the 
age differences significantly affected the task involved (Kausler, 1982; Craik, 1973; 
Salthouse, 1982). Older subjects showed poorer performance than the younger one's 
(Burke et al, 1980), and the older subjects were found to have been penalized more than 
the younger .subjects under the work-environment of dual-ta.sk conditions (Sombereg and 
Salthou.se, 1982). Although the allocation of attention acro.ss trials was similar for young 
and older adults, there was an age related increase in the time required to allocate attention 
within the individual (Madden, 1992). It was also found that in a dual ta.sk .situation 
reaction time (RT) for the older subjects was greater than that ob.scrved in case of the 
younger ones (Mc Dowd and Craik, 1988), while some reported that there was no 
significant age differences in situations where divided attention kind of task was involved 
(Somberg and Salthouse, 1982). 
There is a reason to believe that the demand of technological innovations would 
be disproportionately settled in older workers over the age of 40 years (Hendricks, 1984). 
Due to micro-electronics revolution a large number of people have been replaced by the 
new technology workshops (Yokomizo and Kmatsubara, 1986). It was reported that all 
over the world the life expectancy rate is increasing, and the average birth rale is 
decreasing from year to year (Nagamachi, 1985). The future population is expected to 
have its average age higher than that of todays' population (Mc Farland, 1986). In Japan 
the number of people older than 65 years will reach about 22% of the total population 
(Nagamachi, 1985). It is expected that "human factors engineering in the years 2000 to 
2025 will be dealing with many design problems different from those of todays" (Fozard, 
1981ip.8). Hence there is a need to take up more studies in order to dig deeply into the 
insight of the phenomena of human aging. 
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2.4 Effect of Sex on Human Performance 
The recent human righLs^ll over the world has sought to guarantee the equality 
of employment opportunity irrespective of the sex. However, from literature reviewed 
it appears that fewer studies have been conducted in the past to .study the effect of .sex on 
human performance. Many studies have investigated the .sex-difference in terms of only 
the muscular strength. It has been reported that the mu.scular strength of the women is of 
order of 40^ to70%ofthatofthemen(Nordgren, 1972;Wilmoreetal., 1978;Miyashita 
and Kanehi.sa, 1979). Such a large variation in the magnitude of sex differences in 
muscular strength may be traced in terms of the specific .segments of the body tested 
(Bishop et al., 1987). It was found that female subjects were 43'^ to 63% weaker than 
men from upper body strength viewpoint and 27% weaker from the lower body parts 
standpoint (Wilmore, 1974). It has also been reported that there is a large body difference 
in the two setiof populations, when viewed in terms of their upper body parts and lower 
ones (Hosier and Morrow, 1982;Nordgren, 1972; Hoffman etal., 1979). It was observed 
that women have a smaller upper body muscle mass (Hettinger, 1961), and have lower 
strength values for upper body muscle-groups (Laubach, 1976), and lower maximal 
oxygen uptake (Bergh et al., 1976). Such differences in the muscular strength and body 
parts may result from genetic differences in the muscle-mass, neuromuscular function or 
from culturally linked behaviour- differences by way of the amount of participation in 
strength developing activities (Bishop et al., 1987). Sex-related differences have also 
been observed in terms of arm and leg strengths (Hoster and Marrow, 1982), walking 
speed, energy expenditure and maximum aerobic power (Evans, 1980), and the process 
of acclimatization to hot-dry environment (Shapiro et al., 1980). There is doubt that the 
average female is at a disadvantage physically in terms of strength and endurance 
performance when compared with that of an average male (Cureton and Sparling, 1980). 
One factor which contributes to the gender difference is the greater body famess of the 
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females when compared lo the males (Martin and Nelson, 1986). 
The sex-differences when viewed in the context of responding lo stimuli, it was 
reported that in terms of decision time (DT) and movement time (MT) components of 
reaction time (RT), females were respectively, found to be faster and slower than males. 
However, DT and MT on addition, nullified the effect of each other, resulting in sex-
independent mean reaction time (Landaueretal., 1980). It may be argued that the females 
are as much superior to males in their cognitive competence as they are inferior in 
muscular power (Rizvi, 1984). Studies conducted by Sherman (1967), and Thompson et 
al. (1981) indicated that males and females differ in their performance on spatial and 
cognitive tasks. In an extensive review of the sex differences in the context of human 
performance, Maccoby and Jacklin (1974) cited two studies that involved risk taking and 
concluded that sex differences in risk taking was not demonstrated. Hudgens and Fatkin 
(1980) and Fatkin and Hudgens (1982) located 27 original investigations that involved 
subjects who stated preferences regarding risk taking behaviour of humans. In 20 of these 
studies, the sex differences indicated greater risk taking for males, three indicated greater 
risk taking for females, three indicated greater risk taking in males under certain 
conditions and in females under other conditions, and one indicated no sex differences. 
The literature reviewed as above, however, indicated that the sex as a variable in 
the context of HCI is yet to find a place for being investigated. In light of the fact that 
the number of females performing work in an HCI environment is on the increase these 
days at a tremendous rate, this is getting very important and crucial to investigate the 
effect of sex, an important organismic factor in the HCI, in general, and in operation of 
the keyboard in particular. 
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2.5 Effect of Laterality on Human Performance 
Studies on the capabilities and limitations of human performance through split 
brain research have revealed that there are asymmetrical behaviours in human beings 
leading to an efficient use of either of the right or left sided parts (called preferred part) 
of the body. On the basis of preferences, humans arc either right-handed or left-handed. 
Similarly they are also either right- or left-footed, right- or left-eyed and right- or left-
eared. This characteristic of humans is referred to as human laterality. Reasons for this 
laterality have been suggested in term of biological (Porac el al., 1980), genetic and 
asymmetrical embryo developmental processes, all of these being based on the assumption 
of the presence of primary sidedness that dictates all the motor and sensory functions in 
human beings (Porac et al., 1980). 
From the aesthetics viewpoint, symmetry' has its opponents and proponents. Thus 
Weyl (1952) defined the concept of symmetry as a harmony of properties. Humans have 
a right and left hand, small differences in the size may exist between them and in absence 
of any defect, the two hands are similar (Fritsch, 1968). Relating hand-preference to the 
age, it was found that the age- related right-ward trend in hand-use continued into 
adulthood (Poraci et al, 1980). But the concept of preference and proficiency are not 
interchangeable (Coren et al, 1982; Porac and Coren, 1978). On the basis of lateral 
preference Coren et al (1982) found a relationship between stressful births and shift 
towards left sidedness. In a review of the laterality and human performance Rizvi et al 
(1990) reported that Porace and Coren (1981) did a good work to find the relationship 
between laterality and sex, age, medical history, cognitive abilities, motor skill, social and 
cultural factors with reference to physiological and cerebral asymmetries. Such increasing 
pysiological asymmetry was not only a function of age, but the laterality preferences also 
varied with the variation in the sex taken as variable of human performance (Wada et al, 
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1975). In a review of the work of Porac and CorcnJones (1985). observed thai a small 
difference in right- and left-handers might have confounded with sex, particularly in the 
light of the study of Bryden (1977). So far as the laterality versus human fatigue is 
concerned, effect of hand preference asymmetry on fatigue has been studied by many 
researchers (Annet, 1976; Barnslcy and Rabinovitch, 1970; Peters and Durding, 1979). 
These findings implied different brain organizations for the manual control among right-
and left-sided people (Annet, 1972; Peters and Durding, 1979). Sex of an individual has 
also an effect on between-hand-differences in motor performance (Mc Keever and Van 
Deventer, 1977) and so is the case with the characteristic of input information required 
to be processed by the two hemispheres (Erikson and Schultz, 1978;Sergent, 1983). In a 
task of tapping and dotting it was found that 35% of the left-handers did better on tapping 
with the right hand, while 6% showed no difference. On the other hand, 12% showed 
better tapping with there nonpreferred left-hand and 1 % showed no difference (Satz et 
al, 1967). In another similar task it was found that 10% of the right-handers performed 
better at this task with their left-hand, while 40% of the left-handers did better with their 
nonpreferred right-hand (Provins and Cunliffe, 1972). On studying the reading-ability 
it was observed that increased incidence of left-handedness or left- eyedness, and/or 
crossed hand-eye preference patterns were shown by poor readers (Ortan, 1925,1929). 
It was also found that there was no relationship between congruency of lateral preference 
and reading preference, but it can be said that lateral preference and specially handedness 
is an indicator of a variety of intellectual abilities (Satz and Friel, 1974). Preference and 
proficiency showed very small correlation for difficult tasks (Todor and Doane, 1977). 
The increase of movement precision requirements increases with the right-hand superiority, 
regardless of preference (Sheridan, 1973). Superiority may be effected by such factors 
as fatigue (Hellebrandt and Houtz, 1950), practice (Provins, 1967), stimulus and response 
compatibility (Annet and Sheridan, 1973) and directional or timing properties of the 
specific movement involved (Browne etal., 1984;Flowers, 1975; Red and Smith, 1961). 
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One can administer preference measures through behavioral tasks where an individual 
actually performs simple actions involving the choice of a limh or sense organ. In 
general, preference measures show higher concordance with each other than do the 
proficiency tests. Buxton (1973) used simple unimanual task of throwing an object, 
reaching for an object, picking up a small object, and brushing with one hand and reported 
an average intercorrelation of 0.63, which is 94% classification concordance (Winggins, 
1973). Thus all the patterns of these results indicated that lateral preferences are less 
sensitive to specific task-components than the lateral proficiency measures. Hand 
preference does not seem to be a multifactorial behaviour, as in the manual proficiency. 
Many studies looked at the factorial structure of the hand preference items and showed 
that the hand preference was described by a single factor (Richardson , 1978). It was 
reported that all the hand preference responses loaded upon a single factor (White and 
Ashton, 1976; Bryden, 1977). Many studies dealt with relationship between cognitive 
abilities and lateral preferences, particularly, handedness. Left hemisphere was responsible 
for verbal functions and abstracting abilities while right hemisphere pertained to motoric 
tasks (Hecaen and Albert, 1978). About half of the studies relating handedness and 
cognitive abilities found significant relationship between them, and the majority of 
significant findings favored better preference in right-handers. 
The literature reviewed as above revealed that laterality was yet not being 
considered as an important parameter in the field of human factors engineering, and more 
so in the context of HCI. It appears that almost none of the investigations could be found 
in the literature regarding lateral preference and VDU operation. As the previous 
researches available in literature indicated important role of laterality in work environments 
other than that of HCI, it would be worthwhile to explore the relationship between 
laterality and performance of the VDU operators in an HCI environment. 
17 
The researches carried out in the recent past on the themes of the keyboard design, 
age-effects, gender effects and laterality effects on human performance were surveyed 
in a systematised and lucid manner and presented as above. In the light of the previous 
findings the problem of research for the present work was structured and methodology 
for solving the same was designed as portrayed in the next chapter (Chapter III). 
18 
CHAPTER III 
PROBLEM AND RESEARCH METHODOLOGY 
The liieraiure reviewed presented in the preceding chapter (Chapter II) suggested 
that the effects of several organismic factors like sex, laterality and age on human 
performance in the context of HCI in general and in working with VDTs through the 
keyboards, in particular, are yet not fully understood. It thus offered a scope to investigate 
the effect of such most important organismic variables on human performance , in the 
context of HCI environment. Accordingly the research problem was formulated, the 
general methodology pertaining to such details as experimental design, subjects' 
selection, stimuli, the experimental task, experimental set-up was laid down, and the 
general procedure employed to carry out the research was evolved as given below: 
3.1 Problem Statement 
In recent years there has been a rapid growth in the use of computers as one of the 
most critical tools of information system. However, the pace of research in the field of 
Human-Computer Interaction (HCI) has been rather slow in comparison to the growth 
rate of wide-spread use of computers not only in developed nations but also in developing 
countries. Human problems today constitute one of the major issues determining the rate 
of success or failure so far as the effective and fruitful use of modem days' information 
systems are concerned. There remains a dire need of catering to the demands of designers, 
manufacturers, purchasers and users regarding how information and communication 
systems could be made more useful, easier and faster from learning as well as fatigue view 
points. The literature surveyed indicated that previous researchers have been mainly 
emphasising the need to design and develop systems irrespective of the age, sex and 
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laterality characteristics of the users' population (Brown and Schaum, 1980). 
So far as the computer operation is concerned, since the keyboard is the only 
means of communication between humans and computers, it was concluded that the 
ergonomic design of the keyboard perhaps is one of the most important facet of todays' 
research in HCI. This fact is amply illustrated by such observations as "standard 
keyboards which are available in the market are ill designed" (Technorama, 1992; p.31) 
and "conventional flat keyboards have a major ergonomical problems: you have to angle 
your hands to the side in order to type. This posture is unnatural and may lead to serious 
health problems like Repetitive Strain Injury (RSI)" (AliMed, 1994; p. 7). Keeping in 
view that the evolution of an ergonomically shaped keyboard would reduce the incidence 
of repetitive strain injury (RSI) (Hobday, 1988), various studies presented in this work 
were designed to provide answers to some of the basic issues related to the problem. In 
all, six experiments were conducted. Three experiments were undertaken to investigate 
human performance on "Conventional" and "Unishaped" keyboards, whereas in the 
remaining three experiments, human performance was examined under "Conventional" 
and "Split-shaped" designs of computer keyboards. In the three studies of the first set, 
the first one (study-1) investigated the effect of sex on keying performance. In second 
study (study-2) the effect of age on keying performance was examined. In the third study 
(study-3) investigations on the effect of motor-sidedness or laterality on keying performance 
was carried out. For the other set of experiments stated earlier, again three studies were 
undertaken. These studies investigated the effects of sex (study-4), age (study-5) and 
laterality (study-6) on keying performance in an HCI environment. In all the six studies, 
the muscular fatigue, expressed in integrated EMG units constituted the basic measure 
of human performance. Through the set of studies, stated as above, an attempt was made 
to evolve an optimum configuration of the computer keyboard that could provide a higher 
level of human-computer compatibility. Further, in all the investigations, performance 
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was studied under diflerenl levels ol intlinalion (either till or base angles as explained 
in Appendix-D) ol" both the conventional "QWERTY" and the experimental "Shaped" 
keyboards. 
3.2 Experimental Design 
In all the studies undertaken in the present work, human performance were 
measured in terms of muscular fatigue expressed in integrated EMG-uniLs which was 
treated as the dependent variable. EMG was selected in light of the recommendations of 
previous researchers (e.g. Zipp et al., 1983; Marek et al., 1992). Two independent 
variables viz the keyboard design at two levels: "Conventional" and "Experimental" 
(which was either "Unishaped" or "Split-shaped"), and inclination (tilt/base) of the 
keyboards at four levels: 4,10,16,22 degrees for tilt and 15,20,25,30 degrees for base, 
were present in all the six studies undertaken in the present work. The third variable which 
was varied from study to study was Sex at two levels: males and females (study-1 and -
2), Age at four levels: 13-15y, 18-23y, 25-35y and 40-50y (study-3 and -4) and Motor-
Sidedness at two levels: Right-motor sidedness and Left-motor sidedness (study-5 and 
-6). A 2 (the varying factor) x 2 (keyboard design) x 4 (inclination level of the keyboards) 
factorial design with repeated measures on the last two factors was used in all the 
investigations except the one involving age which had four levels as stated earlier. For 
the repeated measures kind of factorial design adopted for the present research, there was 
no software package available in and around Aligarh so that, to perform the analysis of 
the data a computer program was specifically developed for this purpose. 
3.3 Subjects 
A pool of 198 potential subjects was consciously selected for the present work. 
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This pool included both males and females and righl-moioi sided as well as left-molor 
sided persons in the age ranging from 13 y lo 50 y. Mosl ol the subjects were either 
students of engineering or employed in this university. This ensured that their availability 
di-tl- not pose any problem at the time they were needed for experimentation. To 
determine motor-sidedness characteristic i.e. laterality of the subjects, Annet's inventory 
system (Annct, 1970) was administrated to the sample population. This was a standard, 
self-administrated questionnaire (Appendix A) related to the handedness and footedness, 
and provided .same information on motor-sidedness as that provided by behavioural tests 
ofindividuals(PoracandCoren, 1981;Raczkow.skietal., 1974). Out of 375 questionnaires 
circulated among the AMU Aligarh community members, 267 persons responded and 
out of these, 198 persons expressed their willingness to participate in the present study, 
the sample response status being presented in Table 3.1. 
Motor sidedness of the subjects was measured through the Preference Index (P.I.) 
(Annet, 1970) for each of the 198 cases who agreed to participate in the study. 
Information related to the sample characteristics were processed through a computer 
Contacted 
375 
Table 3.1: Sample Response 
Number of Persons 
Responded 
Total 
267 198 
Status 
Agreed to participate 
Males Females 
145 53 
program (written in BASIC) that was specifically developed for this purpose. Subjects 
having P.l. greater than 0.90 were considered to be right-motor sided, whereas an ideal 
value for PI is+1.0, a value that repre.senus a perfectly right-motor sided laterality. Those 
having negative P.l. were considered to be left-handed people, whereas an ideal value for 
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PI is -1.00, a value that corresponds to represent a perfectly leli motor-sided feature of 
laterality. Any negative score in the latter category was taken to be an index of left-motor 
sidedness due to shortage of left motor sided people in Indian .society. Results of the 
computer output pertaining to this analysis are summarized in Table 3.2 below. 
Table 3.2: Result of Sample Data Analysis Pertaining to Laterality characteristic 
of the Subjects 
No. of cases 
Processed Rejected 
198 31 
Accepted 
167 
Males 
141 
Females 
26 
Right 
Motor-
Sided 
155 
Left 
Motor 
Sided 
12 
From this pool of subjects, sample sets with appropriate subject characteristics 
were selected for different experiments with the condition that none of the subjects 
participated in more than one experiment except for that which investigated the effect of 
laterality (study-5 and -6). In these two experiments the left-handed subjects participated 
in both the experiments as there was a shortage of the left handed persons. 
3.4 Stimuli and the Experimental Task 
Stimuli material was presented to the subject in the form of a printed sheet held 
on the document holder that remained fixed throughout the experimental sessions. 
Document holder was adopted in the light of recommendation of the previous researchers 
(e.g. Hunting et al.,1980 ). The sheet contained words having no literal meaning 
(Appendix-B). This feature of words was adopted to minimize the difference between the 
subjects whose level of proficiency at English language was difficult to be controlled. So 
far as the task is concerned the matter-content was printed (double spacing) on electronic 
typewriter and presented on a white sheet of paper such that the quality of printout was 
23 
ol a very high order. The sheet was lixcd on a document holder designed l(x:ally and 
specially for this purpose. The position ol" the document holder was maintained 
throughout the experimental session. As a part of the present work, a survey was 
undertaken to have an assessment of the level of tilt angle of the conventional keyboard 
which computer operators/users were usually used to, while working on computers in 
the University and other computer centers. It was found that the tilt angle varied from 4 
(minimum as provided by the manufacturer) to 22 (maximum adjusted by user) degrees 
in different environments of HCl. In light of the result of the survey the levels of the tilt 
angle of the conventional keyboard (Appendix D; Figure D-1) in the present research 
were set at four levels ;4, 10, 16 and 22 degrees . So far as the inclination levels (Base 
angle) of the shaped ("Unishaped" and "Split-shaped") keyboards was concerned 
obviously there was no data available as this new configuration was being experimented 
for the first time and was to be put to test from ergonomics standpoint. Based on the logical 
observations and the limited height and length of the keyboard incorporated into the 
design with respect to the height and width of the computer terminals, four inclination 
levels of base angle (15, 20, 25, 30 degrees) were selected (Appendix D; Figure D-2). 
During experimentation, subjects sat on the chair (without back rest) with the two 
hands on the keyboard as was the observed usual practice of the users while working on 
the Video Display Terminals (VDTs). They were required to respond to the voice START 
by starting the data entry task as per instructions of both speed and accuracy. Each subject 
participated in two different experimental sessions involving either "Conventional" or 
"shaped" version of the computer keyboards. So far as the shaped keyboard was 
concerned, there were two keyboards "Unishaped" and "Split-shaped" types, designed, 
fabricated and developed locally in the Ergonomics Laboratory of Department of 
Mechanical Engineering AMU Aligarh, for being put to trial as a part of the present work. 
The design did not involve any change in the existing layout of the keyboard. It however, 
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provided a cdndilion of re-shaping Ihe QWERTY keyboard into two specific configurations 
as elaborated through the Figures C-1 and C-2 (Appendix C). While working on "Split-
shaped" type of keyboard, subjects were instructed to use right hand for the right side of 
the keyboard and left hand for its left side. Half of the subjects participated under 
"Conventional QWERTY keyboard" environment while for the other half, the order of 
presentation of "shaped" (unishapcd and split-shaped) keyboard was reversed. 
3.5 Experimental Set-Up 
As staled earlier, electromyography for the assessment of human fatigue was 
employed for the present research. The electro-myograph (model: EM6452; make: 
ECIL, INDIA) available in the Ergonomics Laboratory did not have the facility of 
converting its analogue output of muscle potential into the digital form. To incorporate 
this facility in the equipment an interfacing system with analogue to digital (A/D) 
convener was developed locally (Appendix E). The muscular fatigue induced in the 
subjects' muscles was recorded from the extensor carpi radialis muscles of the operators. 
This specific muscle was chosen in light of the recommendation of the previous 
researchers (Baidya and Stevenson, 1988) who reported that the extensor carpi radialis 
was found to fatigue faster with an increase in wrist extension in the situations where 
workers carry out repetitive light work with ulnar deviation and/or hyperextenlion of the 
wrist for long duration. The two EMG electrodes were fixed on the right and left arms 
of the subject. Great care was taken to ensure that the electrodes' pairs were placed on 
the similar sites of the right and left arms, while the third one i.e. the earth electrode was 
placed over the lateral epicondyle of the right elbow joint. To ensure good conductivity 
from the muscles, the skin of the corresponding muscles was cleaned with alcohol and 
a small quantity of conductive jelly (Electro Gel) applied over the concerned muscles 
before fixing the electrodes on the surface of the muscle. The bioelectric signals were 
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amplified and processed by inlerlaced Electromyograph thai converted the raw signal 
into integrated EMG (lEMG). The lEMG was then processed through analogue to digital 
converter so as to be averaged through a microcomputer. Following the methodology 
used by Rosa and Anderson (1985), two 4-s samples were taken Irom each subject every 
5th minute during the experimental task of 10 minute duration when the subject worked 
on a specific design of the keyboard at the given level of inclination (tilt/base angle). The 
mean of the two 4 s samples constituted the score used for statistical analysis. 
All the experiments were performed in an environmental chamber of 3 m x 2.5 
m x 2.5 m size. The temperature was maintained approximately at 25 ± 4 degree celsius. 
Reflection of the light from windows and doors was eliminated because when the 
chamber was closed, the cubicle got acoustically sealed from the outside environment. 
The illumination level throughout the experimental session was maintained at 340 Lux, 
a satisfactory value as per recommendations of ILO (1989). The level of illuminance was 
monitored through lux meter (Model 101, make: Lutron, Taiwan, range 1 lux to 5000 
lux). The contrast ratio of the screen was 4:1 and was kept constant throughout the 
experimentation, in follow up of the ILO recommendations, referred earlier. The screen 
luminance was 310 cd/m*;, a satisfactory value according to Kalsbeek and Mbach (1980). 
The position of the keyboard, monitor and other documents was maintained in a 
prespecified position as portrayed in the schematic diagram (Figure 3.1). The distance 
from the screen to the eyes of the subject was kept at 500 mm which is the recommended 
value according to Buhmann (1980). The height of screen center from the ground was 
910 mm, aoci has been taken according to Grieco et al. (1980). Finally, the digital 
computer that was employed in all the six studies was IBM made, (model: 5151002, 
Taiwan ) the display system of which was of green colour. 
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A schemaiic diagram showing complete arrangement of experimental set-up and 
relative positions of the subjccl's seal, screen, electromyograph, and other accessories is 
presented in Figure 3.1 while Figure 3.2. represent a phographic view for the same. 
Photographic views of the unishaped, splil-.shaped and conventional keyboards are 
represented in Figures 3.3, 3.4 and 3.5 respectively. 
3.6 General Experimental Procedure 
Before the actual experimentation was started, a pihn study was undertaken. This 
helped in preplanning the details of experimental sessions and in checking the suitability 
of the observation sheet designed for collecting the experimental data. For each study a 
sample of 20 subjects (28 in study-3 and -4) with each subject fulfilling the prespecified 
characteristics was selected from the pool of potential subjects, de.scribed elsewhere 
(section 3.3) earlier. None of the subjects participated in more than one experiment except 
in study-5 and -6) for the reasons stated earlier. The following preparatory steps were 
undertaken before the actual conduct of the experiment. 
(a) Each subject selected for any of the experiment was briefed about the objective 
of the experiment. Instructions to be followed by the subjects (Appendix F) while 
performing the experimental task were imparted to the subjects in writing. 
(b) The subject related characteristics like age, visual acuity and the experience in the 
trade of computer operation were recorded. 
(c) A training session was organised for each subject in order to familiarize her/him 
with the new keyboard designs tested in the present study. At least one complete 
run for the experiment was undertaken for this purpose. 
After the subject had taken his/her seat in the experimental chamber and the two 
electrodes of EMG fixed on his/her arms and all the instructions imparted, the following 
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410 mm 
DOCUMENT 
HOLDER 
VDU 
KEYBOARD 
50 mm 
I 500 mm 
240 mm 
POWER SUPPLY 
EMG 
A/D INTERFACING SYSTEM 
Figure 3.1. Schematic Diagram of Experimental Set-Up. 
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Figure 3.2. Photographic View of the experimental set-up showing the subjects 
seat, the VDU, the document holder, EMG System alongwith the 
interfacing arrangement. 
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Figure 3.3. Photograph exhibiting the UNISHAPED keyboard 
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Figure 3.4. Photograph exhibiting the SPLIT-SHAPED keyboard 
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Figure 3.5. Photograph exhibiting the CONVENTIONAL keyboard 
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steps were taken, in that order, for both training as well as experimental sessions: 
1. A prerecorded signal vSTART was given. 
2. A printed sheet of paper that contained the task fixed on a document holder 
was presented. 
3. The subject responded by starting the data entry task. 
This cycle was repeated for every level of inclination (tilt/base angles) of both the 
"Conventional" and experimental ("Unishaped" and "Split-shaped") types of keyboards. 
In every cycle of operation a rest period of 10 minutes was given and the subject was 
instructed verbally to relax his/her hand in the way he/she desired. Average time for each 
experimental session was of the order of 40 minutes in length. Human performance in 
terms of integrated EMG-units was recorded at approximately same time of the day on 
each day of the experiment. This has been kept in view in order to eliminate any temporal 
effect in experimentation that might have had its impact on the subjects performance. 
The above described research methodology was employed in carrying out all the 
sets of experimental investigations presented in the next chapter (Chapter IV). 
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CHAPTER IV 
EXPERIMENTAL INVESTIGATIONS 
In this chapter studies on the eflecls of different organismic factors on human 
performance in the HCI environment are presented. For each of the six studies undertaken 
the purpose, methodology, results and finally discussion and conclusions are presented 
as described below. 
4.1 Effect of Sex on Human Fatigue 
Details of the two experiments conducted to study the effect of sex on human 
performance are presented as follows. 
4.1.0 Purpose 
An overview of the literature pertaining to studies on sex as a variable in human 
factors engineering specially in the context of HCI environment indicated that either no 
or very little consideration in the past has been given to this variable in previously 
conducted researches. On the other hand, as a result of the intensive introduction of 
computers all over the world in almost every walk of life, females like their male 
counterparts, loo, have to interact daily with this new machine. A large number of females 
now-a-days are coming out of their homes and joining even such non-traditional jobs as 
those in police and defense services. Today a very large size of the work-force is 
associated with the work on VDTs as data entry personnel, computer operators, desk-top 
publishing/printing persons, etc. With these considerations in view present study was 
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designed to explore how males and females gel fatigued while working on VDTs. It was 
also investigated whether the inclination (tilt/base angle) level of the keyboard and the 
type of the keyboard employed affected human performance in an HCl environment. 
To stale these objectives in statistical terms, following null hypotheses were 
structured: 
1. Males and females behave in the same manner under varying levels of keyboard-
inclination environment imposed on them in data-entry kind of tasks. 
2. Conventional and shaped (either "unishaped" or "split-shaped") keyboards are 
equally efficient from the operators' point of view. 
3. Different levels of angle of inclination (lilt/base angles) impose equal magnitude 
of operational loading on human operators resulting in no difference in human 
performance. 
4.1.1 Experiment] [STUDY-1] 
In this experiment the gender-effect in keying operation on human performance 
under different inclination levels of both the conventional and "unishaped" keyboards 
was studied as follows. 
4.1.1.1 Method 
Twenty subjects ( 10 males and 10 females) participated in this study. Their age 
ranged from 20 y to 31 y (mean = 23.1 y; SD =± 4.3 y). All the subjects had normal vision 
either with (n = 3), or without (n = 17) glasses. The subjects chosen had nearly the same 
level of experience. None had any previous history of neuromuscular disorders. 
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The expcrimcnial procedure as detailed in section 3.6 (Chapter III) was adopted 
for conducting the present experiment. All the experimental sessions were conducted 
between 0900 and 1300 hours. 
4.1.1.2 Result 
In performing the experimental task, subjects committed almost negligible errors 
(less than 5%) in performing the experimental task. Due to meaninglessness in the matter 
content assigned to the subjects in the data entry task, the effect of difference in 
competence in English language was controlled and thus the time taken in completing the 
task was nearly the same for all the subjects. Therefore, the performance was measured 
in terms of muscular fatigue (expressed in lEMG-units) instead of operational time. The 
individual and the mean values of muscular fatigue in lEMG-units for both males and 
females were obtained as presented in Appendix G. The overall means of lEMG values 
for both males and females uifber different combinations of treatment are presented in 
Table 4.1.1.1, which clearly indicates that the muscular fatigue decreased with an 
increase in the inclination (tilt/base) level of the keyboard specially for the conventional 
keyboard irrespective of the sex of the subjects. 
Table 4.1.1.1: Mean muscular fatigue expressed in lEMG-units at different 
inclination levels of both the conventional and "unishaped" 
keyboards (Study-1). 
Sex 
Male 
Female 
Muscular Fatigue (Expressed in 
Conventional Keyboard 
Keyboard Inclination Levels 
(Tilt Angle) 
1 2 3 4 
158.0 148.8 143 139.2 
173.7 154,2 144,3 136.7 
lEMG-UniLs) 
Unishaped Keyboard 
Keyboard Inclination Levels 
(Base Angle) 
1 2 3 4 
89 80.8 78.4 76.8 
82.1 83.1 78.3 74.5 
36 
A 2 (sex) X 2 ( keyboard design ) x 4 (inclination level) laclorial design with 
repeated measures on the last two factors was employed for the analysis of variance. A 
preliminary lest conducted on the ANOVA model through Barllett's test (Winer, 1962) 
indicated that the observed Chi-square (1()8.X8) was higher than that tabulated (11.40) 
at Alpha = 0.25 (df = 9). This implied that the interaction within the subjects could not 
be dropped from the ANOVA model. Accordingly F-ralio were computed. Results of the 
analysis of variance summarised in Table 4.1.1.2 implied that the effect of sex was not 
Table 4.1.1.2: Summary of theanalysis of variance pertaining to the effect of Sex 
on human performance when operators performed the data entry 
task on the conventional and unishaped keyboards (study-1). 
Source of variation 
Between subjects 
A(Sex) 
Subject within groups 
(Error 1) 
Within subjects 
B (keyboard design) 
A x B 
B X subject within 
group (Error 2) 
C (inclination level) 
A x C 
C x subject within 
group (Error 3) 
B x C 
A x B x C 
B X C X subject within 
SS 
38391.50 
105.75 
38285.75 
252344.00 
192515.80 
455.50 
6353.75 
8019.75 
297.75 
9467.50 
6856.00 
851.25 
37026.50 
df 
19 
1 
18 
140 
1 
1 
18 
3 
3 
54 
3 
3 
54 
MS 
2020.60 
105.75 
2126.98 
1802.46 
192515.80 
455.50 
352.98 
2673.23 
99.25 
91.99 
2285.30 
283.75 
685.67 
F 
0.05 
543.40* 
1.29 
29.06* 
1.08 
3.30* 
0.41 
p<0.05 
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stalislically signilicanl (F < 1 ; NS). This indicated that in data entry task the muscular 
fatigue was independent ol" the sex of the operators, and the factor sex did not interact 
significantly with the keyboard design {F( 1,1 K)=4.1; NS). Further, the effect of sex did 
not significantly interact with inclination level (F (3,54) = 2.77; NS), and so was the case 
with the second order interaction, viz., sex x keyboard design x inclination level (F(3,54) 
= 2.77; NS). The significant interaction between keyboard design and inclination level 
(F(3,54) = 2.77; p < 0.05) necessitated an analysis of the simple main effects. The results 
ofthisanaJysis(Tab]e4.1.1.3) indicated that the keyboard design factor wa.s stati.sticalJy 
Table 4.1.1.3: Summary of the analysis of simple main effect (Study-1). 
Source of variation 
B (Keyboard design) 
At LI (inclination level 1) 
At L2 (inclination level 2) 
At L3 (inclination level 3) 
At L4 (inclination level 4) 
C (Inclination level) 
At Bl (conventional keyboard) 
At B2 (unishaped keyboard) 
SS 
64480.88 
48372.07 
42706.25 
38812.91 
Error term = 602.5 
8762.23 
1113.75 
Error term = 342.833 
df 
1 
1 
1 
1 
3 
3 
MS 
64480.88 
48372.07 
42706.25 
38812.91 
2929.75 
371.25 
F 
107.02' 
80.02* 
70.88" 
64.42' 
8.52' 
1.08 
*p<0.01 
significant at all the four levels of inclination. However, the same was not true in case 
of the inclination level under the variable keyboard design. The level of the 
lilt angle was found to have a significant effect only with the conventional keyboard and 
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non significanlwilhinlhcinvesligalcd fc^n^t ofbascanglcofthc "unishaped" 
design of the computer keyboard. 
In the next phase of the analysis, mean levels of the muscular fatigue (in lEMG-
unils) of the operators were computed for different levels of the inclination for both the 
conventional and "unishaped" keyboards (Table 4.1.1.4). The relationshipbetween the 
muscular fatigue and inclination level was further explored through a specific computer 
Table 4.1.1.4: Mean human fatigue expressed in lEMG-units pooled over males 
and females at different inclination levels under Conventional and 
Unishaped keyboard (Study-1). 
Human Muscular Fatigue (Expressed in 
Keyboard Design 
Conventional 
Unishaped 
lEMG-Units) 
Inclination Level of the Keyboard 
(Tilt/Base Angles) 
1 2 
165.85 151.50 
85.55 81.95 
3 
143.70 
78.35 
4 
137.00 
75.65 
program of regression analysis. On the basis of this analysis it was found that the equation 
of best fit was based on a linear function. Accordingly, curves of best fit were established 
as shown in Figures 4.1.1.1 and 4.1.1.2. The human fatigue models indicated a linearly 
varying pattern of human fatigue with inclination level of the keyboard, specially for the 
conventional keyboard related tilt angle. 
Human fatigue model for the two keyboard design were also obtained as follows: 
For conventional design of the computer keyboard: 
(HF) = 172.35-9.07L .... (4.1.1.1) 
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For "unishapcd" design of the computer keyboard; 
(HF) =88.7-3.33L^ ....(4.1.1.2) 
where (HF)^  and (HF)^  are the human fatigue values In. lEMG-uniis for conventional and 
unishaped keyboards respectively, and L, and L^  are the levels of the till and base angles 
of the specific type of the keyboard. 
Various statistics related to these models (equations 4.1.1.1 and 4.1.1.2) were 
computed as presented in Table 4.1.1.5. It was found that the statistics R was considerably 
Table 4.1.1.5: Statistics related to the best fit curves of Figure4.1.1.2 (Study-1). 
Keyboard 
Design 
Conventional 
"Unishaped" 
Correl-
ation R 
-0.978 
-0.997 
R-Squ-
ared 
0.957 
0.995 
Statistics 
Signif-
icance 
level 
0.022 
0.003 
Sum of 
square 
errors 
18.24 
00.25 
Slope in 
lEMG-uniLs 
0.425 
0.0170 
Inter-
cept 
in lEMG 
units 
63.65 
01.34 
high in human performance model which implied a very strong linear relationship 
between human fatigue and the keyboard design. 
Human fatigue behaviour vis-a-vis different inclination levels (tilt/base angles) 
of the keyboards used in present study is presented in Figure 4.1.1.1 which shows that 
human performance improves with an increase in the inclination level of the keyboard, 
in general and in conventional keyboard, in particular. Moreover, human fatigue induced 
in operators in using conventional and unishaped keyboards are graphically illustrated in 
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Figure 4.1.1.1. Human muscular fatigue as a function of die keyboard inclination 
level for "Conventional" (1 to 4) and "Unishaped" (1^  to 4 ) 
keyboards design. (Level 1,2,3,4 refer to 4,10,16,22 degrees while 
1 ,2 ,3 ,4^  refer to 15,20,25,30 degrees). (Study-1) 
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Figure 4.1.1.2. Human muscular fatigue under "Conventional" and "Unishaped" 
Keyboard designs at different keyboards inclination (ti'lt/base 
angles) Levels (Levels 1 to 4 and 1' to 4' same as in Figure 4.1.1.1). 
(Study-1) 
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Figure 4.1.1.2 which renects the relative elTiciency of the unishaped keyboard over ihe 
conventional design. 
This may be observed that basic definition of the level of inclination is different 
in the two cases of the modishapcd (either "unishaped" or "split-shaped") designs of the 
keyboards. It refers to TILT-ANGLE in conventional design and BASE-ANGLE in 
modishaped design. These angles have been explained .schematically in Appendix D 
(Figures D-1 and D-2). Since tilt angle emerged to be .significant in case of conventional 
keyboard a sub-.study was conducted to investigate if the tilt angle played any role in the 
design of modi.shaped keyboard also. 
4.1.1.3 Effect of tilt angle of the unishaped keyboard on human performance 
In this experiment human performance was studied under two levels (Level 1 = 
4 degrees. Level 2 = 22 degrees) of the tilt angle of the "unishaped" keyboard. The details 
of the study were as follows. 
4.1.1.4 Method 
After excluding all the subjects who had participated in the previous study, ten 
subjects were selected from the pool of subjects to participate in the present study. All 
the subjects possessed nearly the same level of experience in working on the VDUs. The 
mean age values of the subjects was 24.6 y (SD = ± 3.1 y). All the subjects had normal 
vision either with (n=3) or without (n=17) glasses. None of the subjects selected had any 
previous history of neuromuscular disorders. The experimental sessions were conducted 
in the after-noon between 1430 and 1830 hours. Data were collected and analysed through 
the single factor repeated measures kind of statistical design. 
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4.1.1.5 Result 
Subjects committed very few errors (less than 57f), and the time taken by subjects 
to complete the task assigned to them remained nearly the same. Therefore, the data were 
collected and analysed in terms of muscular fatigue( measured in lEMG-units) instead 
of operational lime. Muscular fatigue was measured by the same method as described 
in the previous chapter (Chapter III). The individual and mean muscular fatigue scores 
with their respective standard deviations were computed as presented in Appendix H. 
Through single factor repealed measures kind of statistical design, F-ratio was computed. 
Results of the analysis of variance summarised in Table 4.1.1.6 implied that the effect of 
level of the tilt angle was statistically non-significant (F( 1,9) = 5.12; NS). Thus it was 
concluded that the tilt angle of the "unishaped" keyboard within the range investigated 
Table 4.1.1.6: Summary of the analysis of variance pertaining to the effect of tilt 
angle of 'hmishaped" keyboard on human performance (Substudy 
of Study-1). 
Source of Variation 
Between subjects 
Within subjects 
Inclination level 
Total 
SS 
2497 
253 
80 
173 
df 
9 
9 
1 
9 
Ms 
227.40 
28.11 
80.00 
19.23 
F 
4.16 
p < 0.05 
did not have a role to play in the ergonomic design of the modishaped keyboards. Based 
on this finding , tilt angle of the modishaped (either "unishaped" or "split-shaped") as 
a variable was not considered in the subsequent experimental investigations undertaken 
in the present work. 
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412 Experiment 2 [STUDY-!] 
In this cxpcrimenl human performance was studied under different inclination 
(tilt/base angles) levels of conventional and "split-shaped" kind of the keyboard designs. 
The details of this study are presented as follows. 
4.1.2.1 Method 
After excluding the subjects who participated in the previous studies, twenty other 
subjects { 10 males and 10 females) were selected from the planned pool of subjects to 
participate in the present study. The age of these subjects ranged from 18 y to 27 y (mean 
= 24.3 y; SD = ± 3.1 y). All the subjects had normal vision either with (n = 4), or without 
(n = 16) glasses. The subjects chosen had nearly the same level of experience. None of 
the subjects had any history of neuromuscular disorders. The experimental procedure 
adopted in the previous study (experiment-1) was followed in this experiment loo. All 
the experimental sessions were conducted between 0930 and 1400 hours. 
4.1.2.2 Result 
Subjects committed negligible error (less than 59 )^ in performing the experimental 
task. Since they took nearly the same amount of time in completing the task assigned to 
them, the results were analysed only in terms of muscular fatigue (expressed in lEMG-
units) instead of operational time. The individual and mean levels of muscular fatigue 
in lEMG-units for both males and females were obtained as presented in Appendix I. The 
overall means of muscular fatigue in lEMG-units for both males and females under 
different combinations of treatment are presented in Table 4.1.2.1. From this Table it is 
clearly observed that human performance improves with an increase in the inclination 
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level of the keyboard in general, and ihe conventional keyboard in particular irrespective 
of the sex of the subjects, a further confirmation of the previously obtained finding 
(Study-1). 
A 2 (sex) X 2 ( keyboard design ) x 4 (inclination level) factorial design with 
repeated measures on the last two factors was employed for the analysis of variance. A 
preliminary Bartlett's test revealed that the observed Chi-square (108.88) was higher than 
that tabulated (11.40) at Alpha = 0.25 (df = 9), 
Table 4.1.2.1: Mean muscular fatigue (in lEMG-units) of operators working on 
computer under the environment of different inclination levels of 
both the conventional and "split-shaped" keyboards (Study-2). 
Conventional 
Sex 
Muscular Fatigue 
Keyboard 
Inclination Level 
(Tilt Angle) 
(Expressed in lEMG-UniLs) 
"Split-shaped" Keyboard 
Inclination Level 
(Base Angle) 
1 2 3 4 1 2 3 4 
Male 146.4 138.2 127.2 120.1 88.1 79.1 77.6 74.3 
Female 160.8 152.6 136.3 121.5 85.1 74.3 74.6 76.5 
indicating thereby that the interaction within the subjects could not be dropped from the 
ANOVA model. Accordingly, F-ratios were computed as shown in the analysis of 
variance, summarised in Table 4.1.2.2. Results indicated that the effect of sex in tasks of 
the type where data entry was involved was statistically non significant (F < 1; NS). Thus 
it was found that in data entry task the muscular fatigue induced in computer operators 
was independent of the sex of the operators. However, the factor .sex was found to interact 
significantly with the keyboard design (F(l,18)=4.4; p <0.05), indicating thereby that 
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in the keying operation, being male or female does have an ellect on human performance 
under different keyboards' designs considered in the present set of investigation. Similar 
to the findings of the first experiment (study-1) it was found that the keyboard design had 
asignificant effect on human performance {F( 1,18) = 4.4; p < 0.05), and the inclination 
(tilt/base angles) level of the keyboards emerged to be a significant factor in designing 
Table 4.1.2.2: Summary of the analysis of variance pertaining to the Effect of Sex 
on human performance when operators performed the data entry 
task on both the conventional and ''split -shaped" keyboard 
(Study-2). 
Source of variation 
Between subjects 
A(Sex) 
Subject within groups 
(Error 1) 
Within subjects 
B (keyboard design) 
A x B 
B X subject within 
group (Error 2) 
C (inclination level) 
A x C 
C X subject within 
group (Error 3) 
B x C 
A x B x C 
B X C X subject within 
SS 
50779.13 
555.00 
50224.13 
213155.30 
140659.60 
1380.50 
3547.87 
10617.38 
111.37 
7808.50 
3418.60 
671.50 
44939.75 
df 
19 
1 
18 
140 
1 
1 
18 
3 
3 
54 
3 
3 
54 
MS 
2672.58 
555.00 
2790.23 
1522.54 
140659.60 
1380.50 
144.60 
3539.12 
37.12 
144.60 
1139.54 
223.83 
832.22 
F 
0.19 
713.60* 
7.00' 
24.47' 
0.26 
1.37 
0.27 
•^<0.05 
of the computer keyboards (F(3,I8 = 24.47 ; p < 0.05). However, it was found that the 
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interactive effect of keyboard design and the inclination level was non-significant 
(F(3,54) = 2.77; NS). Same was the result for the intcracti(in, sex x inclination {F< 1; NS). 
Finally, the interaction effect of sex x keyboard design x inclination level was also found 
to be non-significance (F < 1; NS). 
In the next phase of the analysis, mean muscular fatigue of the operators in lEMG-
units was computed for different levels of keyboard inclination for both the conventional 
and "split-shaped" designs of the keyboard (Table 4.1.2.3). Ba.sed on this analysis, curves 
of best fit were established as shown in Figures 4.1.2.1 and 4.1.2.2. The human fatigue 
Table 4.1.2.3: Mean human fatigue expressed in lEMG-units pooled 
overmalesandfemalesat different inclination levels under 
Conventionaland "Split-shaped"keyboarddesigns(Study-2). 
Keyboard Design 
Conventional 
Split-shaped 
Human Fatigue (Expressed in lEMG-Units) 
Inclination Level of the Keyboards 
(Tilt/Base Angles) 
1 
153.6 
86.6 
2 
145.4 
76.7 
3 
124.35 
76.1 
4 
121.25 
75.4 
models obtained in the present study resembled closely to those obtained in the preceding 
study (study-1) yielding a linearly varying pattern of human performance with the level 
of inclination (tilt/base angles) of the keyboard, this being specially true for the 
conventional design of the keyboard. Human performance models were obtained for both 
the keyboard designs as follows. 
For conventional keyboard: 
(HF)^= 165.7-11.81L ....(4.1.2.1) 
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Figure 4.1.2.1. Human muscular fatigue as a function of keyboards inclination 
levels for "Conventional" (1 to 4) and "Split-Shaped" (r to 4 ) 
keyboards design (Levels 1,2,3,4 refer to 4,10,16,22 degrees while 
1 ,2 ,3 ,4^  refers to 15,20,25,30 degrees). (Study-2) 
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Figure 4.1.2.2. Human muscular fatigue under "Convintional" and "Split-
Shaped" keyboards design at different inclination (tilt/base angles) 
levels of keyboard design (levels 1 to 4 and 1' to 4^  same as in Figure 
4.1.2.1). (Study-2) 
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For split-shaped keyboard: 
(HF), = 87.25-3.42L^ .(4.1.2.2) 
where (HF)^  and (HF)^  are the human fatigue values in lEMG-units for conventional and 
"split-shaped" designs of computer keyboards re.spectively, L and ^ are the levels of 
the lilt and base angles of the specific type of the keyboard. 
Human fatigue behaviour of operators working on conventional and "split-
shaped" keyboards is graphically illustrated in Figure 4.1.2.2 which reflects the relative 
efficiency of the "split-shaped" keyboard over the conventional one. Statistics related to 
the equation of best fit for this curve was obtained as presented in Table 4.1.2.4 below. 
Table 4.1.2.4: Statistics related to the best fit curves of figure4.1.2.2 (Study-2). 
Keyboard 
Design 
Conventional 
Split-shaped 
Correl-
ation R 
-0.96 
-0.83 
R-Squ-
ared 
0.928 
0.690 
Statistics 
Signi-
ficance 
level 
0.04 
0.17 
Sum of 
square 
errors 
53.90 
25.57 
Slope 
(in 
lEMG-
units) 
0.983 
1.390 
Inter-
cept (in 
lEMG-
units) 
134.54 
109.93 
The high value of the correlation coefficient R shows a strong linearly varying pattern. 
This implies that the linear models fit very well to the sets of lEMG data indicating thereby 
a high intensity of relationship between the muscular fatigue and the keyboard design. 
4.1.3 Discussion and Conclusions 
Results of the present study indicated that males and lemales are equally efficient 
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in performing the data entry task on VDUs. The measure ol human fatigue in this study, 
which constituted the dependent variable was the lEMG value recorded from the extensor 
carpi radialis muscle of the operators. Results indicated that males and females did not 
differ significantly in their performance at the investigated levels of inclination of both 
the conventional and shaped ("unishaped" and "split-shaped") keyboards when they 
performed the data entry task on computer. 
Either no or very few investigations have been conducted in the past on such a 
specific topic and specially on the effect of sex on keying performance in an HCI 
environment and therefore one has to look for other studies which investigated the effect 
of sex on human performance, in general. Working on the VDUs through a keyboard is 
a highly intellectual process and requires highly skillful operators. Operation on the 
keyboard, in general, involves movement time and decision time, each of which plays an 
important role in so far as the efficiency of operators in performance on the keyboards 
is concerned. When viewed in this context, present finding is supported by the results of 
some investigators when they investigated the effect of the variable sex on human 
performance on such tasks where hand movement was involved. It was reported that adult 
males and females perform equally well in a choice reaction type of task ( Fairweather 
and Hult, 1972). While males possessed more muscular strength compared to females 
(Mc Guinnes, 1976) and were faster in movement time (Landauer et al., 1980), females 
were found to be superior to males in their cognitive competency (Carlson, 1990). As a 
result, the difference in decision time and movement time of the choice reaction time can 
be expected to be nullifying each other in the two cases of males and females. This might 
have led to the absence of sex-related differences in the human performance so far as the 
data entry task wasconcemed. When males were compared to females, the anthropometric 
differences were found only in terms of their arm and forearm lengths, and it was observed 
that both of these were longer in males. There were, however, no significant differences 
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in ihcir back, neck, shoulder or elbow angles. Females have a significantly larger 
coefficient of variation, i.e. more motions, than males in back Hexion, but males had a 
larger coefficient of variation in shoulder rotation (Chang et al., 1992). Similar findings 
in terms of body twist for males and females were reported indicating no significant 
differences between men and women (Hansson et al., 1992). The experimental task 
pertaining to the present study did not involve any body twist resulting in demonstration 
of sex-independent human performance. Thus, it was concluded that males and females 
are equally good when they perform the data entry task by means of conventional or 
"unishaped" or even "split-shaped" design of the keyboard. 
Another major and important finding of the present study has been that the 
specific keyboard-design significantly affected human performance. In the two studies 
conducted on shaped (either "unishaped" or "split-shaped") keyboards it was found that 
lesser stress was induced in human operators when they operated on "shaped" configurations 
rather than the conventional one. Such an important finding gets supported by Zipp et 
al (1983) and Hobday (1985,1988), who reported that the fatigue developed in arms, 
elbows and wrists of the operators were less when operators used MALTRON (three 
dimensional) keyboard. However, such a finding did not have any statistical support. The 
studies which have been conducted on the keyboards in the past have concluded that 
QWERTY keyboard has non-ergonomic features (Kroemer, 1991), and that the current 
keyboards available in the market are ill-designed (Technorama, 1992). Designing of the 
keyboards is not an easy matter (Marha, 1984), but of course there are several basic 
ergonoraic principles that must be followed while designing the keyboards. First the key 
rows should be low enough around the elbow height (ILO, 19X9). Second, hand-rest 
should be provided in the design of the keyboards (Hunting et al., 1980). Third, the two 
hands should loosely fit the the keyboard. An over-view of the QWERTY keyboard 
indicated that none of these principles were followed in designing the conventional 
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keyboard. On the other hand, in designing the proposed keyboards vi/,. the "unishaped" 
and "split-shaped" keyboards in the present investigatiiws, these three principles were 
strictly followed. In such a design of the keyboard it is important to note that the human 
hand offers an intricate mechanical system with many degrees of freedom involved in its 
motion (Shazman, 1982), and many muscles involved which control the up and down 
motion of every finger, wrist and elbow. The wrist motion is the result of interaction and 
accumulation of the carpal kinematics occurring in the different levels of this complex 
and composite joint (Lang, 1987; Talesnik, 1985; Ruby et al., 1988). In designing a 
keyboard ergonomically, it is very necessary to take into account these important facts. 
To hold the hands in the normal typing position requires muscle-tension in the arm, a 
condition clearly observed while working on conventional keyboards. On the other hand 
the hand-rest provided in the proposed designs of both the "unishaped" and "split-shaped" 
types of keyboards reduces the tension imposed on the muscles of the hand, forearm, wrist 
and shoulders, which in turn tends to reduce the RSI developed in muscles of operators. 
In operating QWERTY keyboards, RSI was reported by many investigators (Computer 
Today, 1992). ILO (1989) reported that RSI developed in hands, forearm and shoulders 
of operators of QWERTY keyboard and this was maximum among data entry operators. 
Statistics pertaining to Canada in 1991 reponed that in 1989 there were 20,673 work-
related injuries in elbow, wrist, hands and fingers (Ranney, 1993). Working on the 
keyboards of computers has an important bearing on this type of soft muscle-injuries and 
on different stiffness and tenderness of the neck, shoulders forearms, hands and fingers 
(Ferguston and Duncan, 1974;Kroemer, I972;Zippetal., 1983;Hobday, 1988,Hunting 
et al., 1980). In designing both "unishaped" and "split-shaped" keyboards in the present 
work this aspect of RSI was taken into account. The tolerable angles of the joints of the 
forearm and shoulders were considered and the obvious fact that the length of the five 
fingers are not same was also kept in view. All these considerations resulted in a more 
stress-free kind of keyboard design. Another important factor that led to decrease the 
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muscle fatigue while operators worked on "unishaped" as well as "split-shaped" 
keyboards was that the elbow of the operators was allowed to lit both sides of the 
keyboards loosely with about 90 degrees. This posture reduced the sustained tension in 
the muscles during keying operation. Such a posture was very difficult to be achieved 
while working on QWERTY kind of conventional keyboard. Even if such a posture could 
be achieved, it would require sustained tension in muscles of the neck and shoulder, which 
in turn gives rise to fatigue in these two areas of body segments. 
Another important factor that tends to add to the muscular fatigue and hence to 
RSI is the posture of the forearm while working on the QWERTY keyboard. This was 
recorded to be 22 degrees upwards (hand in palmar flexion). While working on both 
"unishaped" and "split-shaped" kinds of the keyboards the posture of the forearm had to 
be exactly reversed and recorded to be about 20 degrees downward (hand in dorsiflexion). 
In palmar flexion posture the carpal bones form a concave surface roofed by the transverse 
carpal ligament resulting in a channel known as carpal tunnel (Tichauer, 1978). Through 
this channel the tendons of the flexor and muscles of the fingers are passing along with 
some blood vessels. During the continuous keying operation with QWERTY set-up on 
conventional keyboards, continuous movements of muscle-fingers occur and thus the 
sustained muscles and pressure applied on this area due to palmar flexion constituted an 
important reason of fatigue recorded while using the conventional keyboards (AliMed, 
1994). This posture does not obtain while working on either kinds of shaped keyboards 
and hence the muscle fatigue expressed in lEMG-uniLs was found to be mush less than 
that recorded in case of conventional keyboard. While keying on QWERTY set-up of the 
keyboard there was also a chance of ulnar and radial deviation of the wrist of the two 
hands. This type of movement was clearly seen while the subjects were performing the 
data entry task through QWERTY keyboard and was recorded to be from 28 to 50 degrees, 
while in both the "unishaped" and "split-shaped" keyboards it was recorded to be only 
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uplo a maximum level of 15 degrees. This simply means thai the carpal and its homologue 
compartment on the dorsum of the hand are not properly aligned with the longitudinal 
axis of the forearm. The misalignments of tendons at the wrist under such circumstances 
and their bunching up against each other and the already high iniersiructural forces and 
friction produced by the muscles operating the hand would provide a potential source of 
an early fatigue (Kai-Nan et al., 1991). The wrist joint is not like any other joint in the 
body and it is not a simple hinge joint and does not have any mechanical equivalent. Each 
of the carpal bones has its own axis of rotation and that wrist motion which we can observe 
results from the combination of small carpal bones moving on each other (Kai-Nan et al., 
1991). This interaction of the carpal bones makes the force transmission through the wrist 
joint highly complex. Over the past fifteen years or so numerous sophisticated experiments 
have been carried out to understand the biomechanics of the wrist joint, and have been 
posing very challenging engineering problems in the field of ergonomics. 
Another finding of the present study revealed that the level of the tilt angle of the 
keyboard has a significant effect on human performance. This fact was observed in both 
the studies which have been conducted to study the effect of sex on human performance. 
As is evident from Figures 4.1.1.2 and 4.1.2.2 minimum muscular fatigue was recorded 
at maximum inclination level within the range investigated specially for the conventional 
keyboard in both the studies under discussion. This finding also gets supported by 
previous investigators like Hunting et al (1980 ). The main reason for a decrease in the 
level of muscular fatigue during keying process on conventional keyboard when the tilt 
angle was high was that, with inclination (tilt angle) level of the conventional keyboard 
increasing the hands of the operators got supported either by the edge of the keyboard it-
self or by the table on which the system (keyboard) was located. 
In light of the previous researches it was noted that various recommendation were 
56 
made about the angle of inclination of the keyboards. For example about 12 degrees 
inclination was recommended by the Australian Trade Union Groups (ACTUA'THC, 
1982), while it was 17 to 18 degrees by the United States Government Military Standard 
and 10 to 15 degrees as recorded by British Health and Safety Executive (ILO, 1989). It 
was also recommended that the keyboard should be detachable (Hunting et al., 1980). 
However, this may not be practicable in the jobs which require standing position or where 
the VDT is a part of a larger, more complex unit or facility (Helander and Rupp, 1984). 
As is clear from Figures4.1.1.2 and 4.1.2.2, the effect of inclination level of the base angle 
for both the unishaped and split-shaped keyboards on human fatigue was not of the same 
order as that observed when compared with the conventional keyboard. This might have 
been due to the fact that at any level of base angle of both the "unishaped" and "split-
shaped" kinds of keyboard the hand of the operator remained supported by the frame of 
the shaped keyboards. In addition, at all the levels of inclination specified in the present 
study the position of the hands while keying did not differ. This also might have 
contributed to the observed facts. 
On the basis of the two studies detailed as above following conclusion were 
drown: 
1. There appears to be no gender effect in working with VDUs in general, and on 
keying process in particular, so far as the data entry task is concerned. This implies 
that sex does not seem to be a factor to be considered in the ergonomic design of 
the computer keyboard. 
2. The shaped (either "unishaped" or "split-shaped") keyboards emerged to be the 
better proposition from ergonomics point of view. These are observed to be more 
eftlcientand less stress inducing when compared with the conventional keyboards. 
3. Greater the level of lilt angle of the conventional QWERTY keyboard lesser was 
the muscular fatigue induced in human operators. This observation was best 
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reflected by the linearly varying pattern of human performance. 
4.2 Effect of Age on Human Performance 
Under this head two experiments were conducted to study the effect of one of the 
most important organismic variables, age, on human performance in the HCl environment, 
in general, and in data entry task in particular. Details of these studies are given below. 
4.2.0 Purpose 
The literature reviewed on aging in HCI environment revealed that younger 
people had more contact with computer technology than older ones (Margaret 1985). 
Some studies indicated difference in performance between young and old users of the 
computers (e.g. Ogozalek and Praag, 1986). However, it appears from the literature that, 
in general, not many studies have been conducted in the past on the problems of human 
aging specially in the context of HCI environment. The studies that investigated the 
phenomena of aging did not yield much for the use of human factors engineers (Fozard, 
1981). Keeping these facts in view, the present study was designed to investigate if age 
is a significant factor in the keying operation on a computer, in general, and in the data 
entry task in particular. It also investigated how the age interacts with the inclination (tilt/ 
base angles) level of the keyboard for different keyboard designs. Another objective of 
this study was to examine the efficiency of the conventional vis-a-vis shaped (unishaped 
and split-shaped) keyboards and the effect of keyboard inclination (tilt/base angles) level 
on human fatigue. 
In light of the above objectives, following null hypotheses were structured. 
1. Adults and old persons do not differ in their performance while interacting with 
computers in an HCI environment. 
58 
2. Convcniional and shaped ("unishapcd" or "split-shaped") types of keyboard 
designs do not have different effects on human perlormance. 
3. The varying levels of lilt and hase angles in conventional and "unishapcd" designs 
of the keyboard respectively induce the same level ol' stress in human operators 
working in the HCl environment. 
To test these hypotheses following experiment were conducted. 
4.2.1 Experiment 1. [STUDY-3] 
In this experiment human performance under the impact of aging of operators in 
different age groups was investigated at different inclination (tilt/base angles) levels of 
the conventional and "unishaped" keyboards. Details of the experiment are presented as 
follows. 
4.2.1.1 Method 
Twenty eight male right-sided subjects at four age levels {13-15 y; 18-23 y; 25-
35y; 40-50y) with seven subjects in each category were selected from the already detailed 
pool of potential subjects after eliminating those who had participated in the previous set 
of studies. All the subjects selected had the same level of experience in computer 
operation with the exception of the individuals belonging to the first group {13-15 y) who 
were trained enough by the experimenter in order to get them familiarized with the task 
assigned to them. These subjects (of first group) were selected from schools where 
computer courses were being taught as one of the subjects oi their studies. All the subjects 
had normal vision either with (n = 6) or without (n = 22) glasses. None of liie subjects 
had any history of neuromuscular disorder. 
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The experimental procedure for this study was the same as that followed in the 
previous study. All the experimental sessions were conducted in the morning hours 
between 1000 and 1230 hours. 
4.2.1.2 Result 
In this experiment also subjects were found to have committed very few errors 
(less than 5* )^, and the time taken by them to complete the task assigned to them remained 
nearly same. Therefore, data were collected and analysed in terms of muscular fatigue 
(measured in lEMG-units) instead of operational time. Muscular fatigue was measured 
by the same method as described in previous Chapter (Chapter III). The individual and 
mean muscular fatigue scores with their respective standard deviations for all the four age 
groups under different treatment combinations were computed as presented in Appendix 
J. From the mean muscular fatigue values reproduced in Table 4.2.1.1 it was observed 
Table 4.2.1.1: Mean muscular fatigue measured in lEMG-units for the four age 
groups at varying inclination levels of the keyboard design under 
conventional and unishaped keyboards (Study-3). 
Muscular Fatigue in lEMG-Units 
Conventional Keyboard Uni-shaped Keyboard 
Age- Inclination Level Inclination Level 
Group (Tilt Angle) (Base Angle) 
i 2 3 4 i 2 3 4 
Group-1 171.6 142.1 115 102.7 99.1 95.3 88 83.3 
(13-15y) 
Group-2 160.4 128.8 111.6 102.8 111.7 106.1 97.85 98.2 
(18-23y) 
Group-3 191.7 178.1 160.1 125 101 92.4 88 86.4 
(25-35y) 
Group-4 185.1 160.5 136.9 123.7 109.6 98 88.7 89 
(40-50y; 
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thai the muscular fatigue for all the age groups decreased with an increase in the level of 
the lilt and base angles of conventional and unishapcd keyboards respectively. 
Analysis of variance was performed on the 4(age) x 2 (keyboard design) x 4 (level 
of inclination (lilt/base angle) of the keyboards) factorial design with repeated measures 
on the last tw(^  factors. Barllett's test conducted on the ANOVA model indicated that the 
observed Chi-square (79.1) exceeded the tabulated value (11.40) at Alpha = 0.25 (df =9), 
Table 4.2.1.2: Summary of analysis of variance for muscular fatigue expressed in 
lEMG-unit when operators performed data entry task under 
conventional and unishaped keyboards (Study-3). 
Source of variation 
Between subjects 
A (Age) 
Subjects within group 
(Error 1) 
Within subjects 
B (Keyboard Design) 
A x B 
B X Subject within groups 
(Error 2) 
C (Inclination level) 
A x C 
C X Subject within groups 
(Error 3) 
B x C 
A x B x C 
B x C x Subject within 
(Error 4 
SS 
35146.25 
9325.50 
25820.75 
259813.50 
127540.30 
18411.50 
18662.00 
50984.00 
1352.00 
1267.50 
17239.25 
1754.75 
11169.00 
df 
27 
3 
24 
196 
1 
3 
24 
3 
9 
72 
3 
9 
72 
MS 
1301.70 
3108.30 
1075.86 
1325.57 
127540.30 
6137.20 
176.02 
16994.67 
150.22 
167.02 
5746.42 
194.97 
155.50 
F 
2.88* 
146.00* 
7.89* 
96.55* 
0.85* 
36.95* 
1.23 
* p < 0.05 
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which implied ihal ihe subject interactions could not be dropped from the ANOVA 
model. Accordingly, F-raiios were computed as presented in the ANOVA summary 
shown in Table 4.2.1.2. On the basis of this analysis the main died of age was found to 
be statistically non-significant (F(3,24) =3.01; NS) which indicated that in data entry task, 
the level of muscular fatigue induced was independent of the age of the operators. Further, 
the variable age did not interact significantly with the inclination level of the keyboards 
employed in the present experiment (F < 1; NS) and so was the case with the second order 
interaction, viz., age x keyboard design x inclination level (F(9,72) = 2.02; NS). In this 
study too, the keyboard design was found to have a significant effect on human 
performance (F( 1,24) = 4.26;p < 0.05). Moreover, the inclination (tilt/base angles) levels 
of the keyboards emerged to have statistically significant effect on human performance 
(F(3,24) = 3.01; p < 0.05) and the interaction of the age x keyboard design was also found 
Table 4.2.1.3: Summary of the analysis of simple main effects when operators 
performed the data entry task on both the conventional and 
unishaped keyboards (Study-3). 
Source of variation 
B (Keyboard design) 
CI (keyboard inclination level 1) 
C2 (Keyboard inclination level 2) 
C3 (Keyboard inclination level 3) 
C4 (Keyboard inclination level 4) 
C (Keyboard inclination level) at: 
Bl (Conventional keyboard) 
B2 (Uni-shaped keyboard) 
SS 
101203.6 
58140.6 
31753.2 
11594.1 
Error term = 
89024.0 
6488.4 
df 
1 
1 
1 
1 
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3 
3 
Error term = 77.96 
MS 
101203.6 
58140.6 
31753.2 
11594.1 
29764.7 
2162.8 
F 
325.4* 
186.9 • 
102.1 • 
37.3* 
381.7* 
27.5* 
*p<0.01 
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to be significant (F(3,24) = 3.01; p< 0.05). The significant interaction between keyboard 
design and inclination (till/base angles) level of the keyboards (F(3,72) = 2.74; p < 0.05) 
necessitated the statistical analysis usually referred to as the "analysis of the simple main 
effecLs". On the basis of this analysis (Table 4.2.1.3) the keyboard design emerged to 
be statistically significant at all the four inclination (tilt/base angles) levels of the 
keyboards used in this study. Moreover, the level of the tilt and base angles of 
conventional and "unishaped" keyboards respectively was also found to be significant. 
Relationship between muscular fatigue and inclination (tilt/base angles) level of 
both the keyboards employed in this study under the impact of aging of operators was 
studied by using the mean values of muscular fatigue presented in Tables 4.2.1.4 and 
4.2.1.5 respectively. Muscular fatigue functions involving inclination level for conventional 
(tilt angle) and unishaped (base angle) keyboards (Figure 4.2.1.1) and the age of operators 
(Figure 4.2.1.3) were established by employing the regression analysis technique and 
thus equations of best fit were obtained (Equations 4.2.1.1 and 4.2.1.2). The human 
performance modekindicated a linearly varying pattern of muscular fatigue (in lEMG-
uniis) with the keyboards inclination (tilt/base angles) levels (Figure 4.2.1.1), and so was 
Table 4.2.1.4: Mean muscular fatigue (lEMG-units) pooled over the four levels of 
age-groups of operators at different inclination levels under 
conventional and unishaped keyboards design (Study-3). 
Keybord 
Design 
Conventional 
Unishaped 
Muscular Fatigue (Expressed in lEMG-Units) 
Inclination Level of the Keyboards 
(Tilt/Base Angles) 
1 
177.2 
105.3 
2 3 4 
152.4 130.9 113.6 
097.9 090.6 089.2 
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the case with the keyboards design also (Figure 4.2.1.2). Mean muscular fatigue for the 
fourgroups were also computed as shown in Table 4.2.1.5 below. On similar lines human 
muscular fatigue under different levels of tilt angle of the conventional keyboard design 
Table 4.2.1.5: Mean muscular fatigue in lEMG-units for the four levels of age 
groups of operators at different inclination (tilt angle) levels 
under conventional keyboard (Study-3). 
Muscular Fatigue Values(Expresscd in lEMG-Units) 
Operators Inclination Level of Conventional Keyboard 
Age-Group (Tilt angle) 
Group-1 (13-15 y) 
Group-2 (18-23 y) 
Group-3 (25-35 y) 
Group-4 (40-50 y) 
1 
171.6 
160.4 
191.7 
185.1 
2 
142.1 
178.8 
178.1 
160.5 
3 
115.0 
111.6 
160.1 
136.9 
4 
102.7 
102.8 
125.0 
123.7 
for the four age-groups of operators was established as shown in Figure 4.2.1.3. Various 
statistics related to these models were computed as shown in Table 4.2.1.6. It was found 
that the statistic R was high for both the keyboard designs. This implied a strong linear 
association between inclination (tilt/base angles) level of the keyboards and the muscular 
fatigue of the operators. A linearly varying pattern of muscular fatigue versus inclination 
(tilt/base angles) level of the keyboards design obtained under conventional and 
unishaped keyboard designs i s shown by muscular fatigue models presented as follows. 
For conventional keyboard: 
(HF)^  = 196.6 - 20.6L, .. (4.2 1.1) 
For "unishaped" keyboard: 
(HF)^  = 109.6 - 5.5L^ .... (4.2.1.2) 
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Figure 4.2.1.1. Muscular fatigue of different age-groups operators as a function of 
keyboard inclination levels for "Conventional" (1 to 4) and 
"Unishaped" (V to 4^ ) keyboards design (Levels 1,2,3,4 refer to 
4,10,16,22 degrees while 1 ,2 ,3 ,4^  refers to 15,20,25,30 degrees). 
(Study-3) 
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Figure4.2.1.2. Profileofmuscularfatigueofdifferentagegroupoperatorsworking 
on "Conventional" and "Unishaped" keyboardsdesignsatdifferent 
inclination (tilt/base angles) levels of the keyboard (Level 1 to4and 
r to 4^  same as In Figure 4.2.1.1). (Study-3) 
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Figure 4.2.1.3. Human muscular fatigue as a function of operators age-group for 
the four inclination levels of conventional keyboard (level 1 to 4 
same as in Figure 4.2.1.1). (Study-3) 
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Figure 4.2.1.4. Human muscular fatigue of the four age-groups under different 
inclination (tilt angle) levels of the " Conventional'' keyboard (level 
1 to 4 same as in Figure 4.2.1.1). (Study-3) 
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where, (HF)_. (HF)^  are the human fatigue in lEMG-uniis lor conventional and 
"unishaped"lypesofcompulerkeyboardsdesignrcspeLiively.andL and L^  are the levels 
ol tilt and base angles of the specific type of the keyboard. 
Table 4.2.1.6: Statistics related to the best-fit curves of Figures 4.2.1.2 and 4.2.1.3. 
(Study-3) 
Factor 
Conventional 
keyboard 
Unishaped 
keyboard 
Age group 
First 
Second 
Third 
Fourth 
Correl-
ation 
-0.996 
-0.966 
-0.985 
-0.965 
-0.986 
-0.990 
R-Squ-
ared 
0.993 
0.934 
0.97 
0.93 
0.97 
0.98 
Statistics 
Signi-
ficance 
level 
0.004 
0.034 
0.015 
0.035 
0.014 
0.010 
Error Sum 
of square 
151.18 
0.80 
81.64 
131.75 
77.54 
36.98 
Slope 
(in lEMG 
-units) 
1.58 
0.42 
0.37 
0.18 
0.27 
0.62 
Intercept 
(in lEMG-
units) 
230.89 
40.31 
51.41 
24.09 
35.06 
79.17 
Similarly, models involving relationships between muscular fatigue and inclination 
(tilt angle) level of the keyboard employed, for different age groups were also developed. 
Again a linear pattern was obtained as demonstrated by the following models: 
For first age-group (13-15 y): 
(HF), = 191.3 - 23.38L, ....(4.2.1.3) 
For second age-group (18-23 y): 
(HF)^  = 173.4-19L, ....(4.2.1.4) 
For third age-group (25-35 y): 
(HF), = 224.25 - 23.61L, .... (4.2.1.5) 
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For fourth age-group (40-50 y): 
(HF)^  = 203.5 - 20.7L, .... (4.2.1.6) 
where, (HF),, (HF)„ (HF), and (HF)^  are muscular fatigue values for the first, second, 
third and fc^ urih age groups of operators respectively when they performed data entry task 
under different levels of tilt angles of conventional keyboard, whereas L stands for the 
inclination (tilt angle) level of conventional type of keyboard design. 
Finally, muscular fatigue induced in the operators versus keyboard design 
(conventional and "uni-shaped") was plotted for each level of the operators age-group 
as shown in Figure 4.2.1.2. This reflects the relative efficiency of " uni-shaped" keyboard 
over the conventional design. Similar curves were also obtained to highlight performance 
differences though statistically non-significant between the four age-groups of operators 
when they worked at varying levels of keyboard inclination (tilt angle). These are 
presented in Figure 4.2.1.4. 
3.2.2 Experiment 2 [STUDY-4] 
In the second experiment human muscular fatigue under different levels of tilt 
angle of the conventional and base angle of the "split-shaped" keyboards pooled over four 
age-groups were studied. The details of the experiment are presented as follows. 
4.2.2.1 Method 
After excluding all the subjects who participated in the previous studies, twenty 
eight subjects were selected to participate in this study . Similar to the preceding 
experiments the subjects were divided into four age-group levels (13-15 y; 18-23 y; 25-
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35y; 4n-50y). Each group comprised of seven subjects. All the subjecLs except those 
belonging lo the first age-group possessed almost similar experience on computers. As 
regards the first age group of operators a training session was conducted so as to get them 
familiarized with the type of tasks.to be undertaken in the present study. These subjecLs 
were selected from schools in which they learnt the computers in one of their courses. All 
the subjects .selected had normal vision with (n = 5) or without (n = 23) glasses. None of 
the subjects selected had any history of neuromuscular disorder, as revealed by them on 
verbal interaction. 
The experimental procedure for the present study was the same as that adopted 
in the previous study. All the experimental sessions were conducted in the morning 
between 0930 and 1200 hours. 
4.2.2.2 Result 
Similar to the preceding studies the time taken by the subjects in completing the 
task assigned to them was found to be nearly same. The errors committed by them was 
almost negligible (Less than 57c). Therefore human performance was measured again in 
terms of muscular fatigue (expressed in lEMG-units) instead of operational time. The 
method that was employed to measure human muscular fatigue was same as that 
described in detail elsewhere (Chapter III). The individual and mean muscular fatigue 
values with respective standard deviation for different age-groups under different 
treatment combinations were computed as presented in Appendix K. The mean values of 
muscular fatigue presented in Table 4.2.2.1 indicated that muscular fatigue goes on 
decreasing with an increase in level of tilt and base angles of the keyboard designs 
irrespective of operators' age-group. 
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The analysis of variance was performed on the 4 (age) x 2 (keyboard design) x 
4 (keyboards inclination level) factorial design v/hh repeated measures on the last two 
factors kind of experimental design. Bartlett's lest conducted on the ANOVA model 
indicated that the observed Chi-square (79.05) was higher than that tabulated (11.40) 
at Alpha=0.25 (df=9), which implied that subject interaction should not be dropped from 
Table 4.2.2.1: Mean muscular fatigue measured in lEMG-units for four age 
groups at varying inclination (tilt/base angles) levels of the 
keyboard design under conventional and split-shaped keyboards 
(Study-4). 
Muscular Fatigue (Expressed in lEMG-UniLs) 
Conventional Keyboard Split-shaped Keyboard 
Operators 
Age-
Group 
Group-1 
Group-2 
Group-3 
Group-4 
Inclination Level 
(Tilt Angle) 
1 2 3 
213.8 175.4 142.3 
153.7 135.6 125.0 
150.8 157.8 141.0 
236.7 174.0 149.0 
4 
121.4 
121.3 
137.1 
125.5 
Inclination Level 
(Base Angle) 
1 2 
103.7 92.8 
114.8 104.0 
120.3 101.8 
103.7 95.6 
3 4 
86.6 81.2 
90.4 81.3 
92.7 89.0 
96.4 92.0 
the ANOVA model. Accordingly F-ratios were computed. Results of analysis of variance 
summarised in Table 4.2.2.1 indicated that the main effects of keyboard design (F(l,24) 
= 4.26; p < 0.05) and keyboards inclination (tilt base angles) level (F(3,24)=3.01; p < 
0.05) were statistically significant, while the main effect of age emerged to be statistically 
non-significant (F(3,24) = 3.01; NS). This once again indicated that in data entry task the 
level of mu.scular fatigue induced in operators was independent of the age of the 
concerned operators. However.the factor age interacted significantly with the inclination 
level (lilt/base angles) of the keyboards employed in the present experiment (F(3,9) = 
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2.02; p < 0.05) and so was the case with the keyboard design X inclination level (F{9,72) 
= 2.02; p < 0.05). The second order interaction i.e. age x keyboard design x keyboard 
Table 4.2.2.2: Summary of analysis of variance for muscular fatigue expressed in 
lEMG-units when operators performed data entry task under 
conventional and split-shaped keyboards (Study-4). 
Source of variation 
Between subjects 
A (Age) 
Subjects within groups 
(Error 1) 
Within subjects 
B (Keyboard Design) 
A x B 
B X Subject within groups 
(Error 2) 
C (Inclination level) 
A x C 
C X Subject within groups 
(Error 3) 
B x C 
A x B x C 
B x C x Subject within 
(Error 4) 
SS 
58359.25 
9742.50 
48616.75 
346328.00 
182914.30 
15238.76 
23448.75 
60528.00 
8470.00 
13846.50 
11632.75 
2217.75 
27531.25 
df 
27 
3 
24 
196 
1 
3 
24 
3 
9 
72 
3 
9 
72 
MS 
2161.40 
3247.50 
2025.70 
1766.98 
182914.30 
5079.60 
192.30 
20176.00 
941.10 
192.10 
3877.60 
246.40 
382.40 
F 
1.60 
183.30* 
5.09' 
104.90' 
4.89' 
10.14' 
0.64 
p < 0.05 
inclination (tilt/base angles) level emerged to be non- significance (F < 1; NS). The 
significant interaction between keyboard design and inclination level (tilt/base angles) 
of the keyboards (F(3,72) = 2.74; p < 0.05) necessitated the analy.sis of the simple main 
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effects. Results of this analysis (Table 4.2.2.3) indicated that the keyboard design was 
statistically significant at all the four inclination levels of keyboards'(conventional and 
"split-shaped") and so v^ a^s the case with the tilt and base angles under the two kinds of 
the keyboards design. 
Table 4.2.2.3: Summary of the analysis of simple main effects when operators 
performed the data entry task on both the conventional and split-
shaped keyboards (Study-4) 
Source of variation SS df MS 
B (Keyboard design) 
C1 (keyboard inclination level 1) 119683.6 119683.6 223.2' 
C2 (Keyboard inclination level 2) 75777 1 
C3 (Keyboard inclination level 3) 44756.1 1 
C4 (Keyboard inclination level 4) 32148.9 1 
Error term = 536.25 
C (Keyboard inclination level) at: 
Bl (Conventional keyboard) 87613.5 3 
B2 (Split-shaped keyboard) 13411.6 3 
Error term = 185 
75777 141.3 
44756.1 83.5 
32148.9 59.9' 
29204.5 
4470.5 
152.7' 
23.4* 
*p<0.01 
Relationship between muscular fatigue and inclination level (tiltA)ase angles) was 
mathematically explored through regression analysis by using the mean values of 
muscular fatigue presented in Table4.2.2.4. On the basis of this analysis, curves of best 
fit were established as shown in Figure 4.2.2.1. The muscular fatigue models indicated 
a linearly varying pattern of muscular fatigue scores with the inclination level (lilt/base 
angles) of the keyboard. Further, the relationship between operators' muscular fatigue 
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and kcybt^ ard designs was studied (Figure 4.2.2.2) by using ihe mean values of muscular 
fatigue presented in Table 4.2.2.4. Through the regression analysis, mathematical 
models of the keyboard designs were obtained as follows: 
For conventional keyboard: 
(HF)^  = 208.2 - 27.25L, .... (4.2.2.1) 
For Split-shaped keyboard: 
(HF) = 109.78 - 5.57L .... (4.2.2.2) b 
Where, (HF)^  and (HF)^  represent human performance measured in lEMG-units for 
conventional and split-shaped designs of the keyboard whereas L^  and L^  are the levels 
of lilt and base angles of the specific type of the keyboard designs. 
Table 4.2.2.4: Mean muscular fatigue in lEMG-units pooled over the four levels 
of age-groups of operatorsat different inclination levels under 
conventional and split-shaped keyboards(Study-4). 
Muscular Fatigue (Expressed in lEMG-Units) 
Inclination Level of the Keyboards 
Keyboard 
Design 
Conventional 
Split-shaped 
1 
188.7 
110.6 
(Tilt/Base Angles) 
2 
160.7 
098.6 
3 
139.3 
091.5 
4 
126.3 
085.8 
On similar lines relationship between muscular fatigue and keyboards' inclination 
(tilt angle) level with reference to the four levels of the age-groups of operators 
prespecified earlier was studied by using the mean values of muscular fatigue presented 
in Table 4.2.2.5. Based on these values muscular fatigue functions of keyboard 
inclination (till angle) level for the four age-groups of the subjects (Figure 4.2.2.3) were 
established. The linearly varying pattern of muscular fatigue versus keyboard inclination 
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(till angle) level ior Ihe Inur age-groups were obtained as follows: 
For age-group -1 (13-15 y): 
(HF), = 240.8 - 31.03L, .... (4.2.2.3) 
For age-group -2 (18-23 y): 
(HF)^  = 160.8 - 10.78L, .... (4.2.2.4) 
For age-group -3 (25-35 y): 
(HF), = 161.5 - 5.79L, .... (4.2.2.5) 
For age-group -4 (40-50 y): 
(HF)^ = 260.95 - 3S.86L, .... (4.2.2.6) 
where, (HF)j, (HF),, (HF), and (HF)^  represent human fatigue induced in the first, second, 
third and fourth age groups of operators respectively and L, stands for the inclination (tilt 
angle) level of the the conventional design of the keyboard. 
Table 4.2.2.5: Mean muscular fatigue in lEMG-units for the four levels of age 
groups operators at different inclination (tilt angle) levels under 
conventional keyboard(Study-4). 
Operators 
Age-Group 
Gp4(13-15y) 
a>-i (18-25 y) 
up-3 (25-35 y) 
^P'h (40-50 y) 
Muscular Fatigue (Expressed in lEMG-Units) 
Inclination Level of the Conventional Keyboard 
1 
213.8 
153.7 
150.8 
236.7 
(Tilt Angle) 
2 
175.4 
135.6 
157.8 
174.0 
3 
142.3 
125.0 
141.0 
149.0 
4 
121.4 
121.3 
137.1 
125.5 
Relationship between muscular fatigue and the inclination (till angle) levels of the 
conventional keyboard design was also studied (Figure 4.2.2.4). It shows that as the 
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Figure 4.2.2.1. Human muscular fatigue as a function of keyboard inclination for 
"Conventional" (1 to 4) and "Split-Shaped" (r to 4 ) keyboards 
design (levle 1,2,3,4 refers to 4,10,16,22 degrees while 1,2 ,3 ,4^  
refers to 15,20,25,30 degrees). (Study-4) 
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Figure 4.2.2.2. Human muscular fatigue under "Conventional" and "Split-
Shaped" keyboards design at different levels (tilt/base angles) of 
keyboard inclination (level 1 to 4 and 1 to 4 ) same as in Figure 
4.2.2.1) (Study-4) 
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Figure 4.2.2.3. Human muscular fatigue for different age-groups of operators 
under different inclination levels of the keyboard designs (level 1 
to 4 same as in Figure 4.2.2.1). (Study-4) 
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Figure 4.2.2.4. Human muscular fatigue under different keyboard inclination 
levels for different age-groups of operators (level 1 to 4 same as in 
Figure 4.2.2.1). (Study-4) 
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inclination (lilt angle) level increases, human muscular fatigue decreases. Finally, 
statistics related to the above presented models were obtained as shown in Table 4.2.2.6. 
The high value of correlation coefficient R reflects the relative efficiency of split-shaped 
keyboard over the conventional type of keyboard design. 
Table 4.2.2.6: Statistics related to the best-fit curves of Figures 4.2.2.2 and 4.2.2.3. 
(study-4) 
Factor 
Conventional 
keyboard 
Unishaped 
keyboard 
Age group 
Group-1 
Group-2 
Group-3 
Group-4 
Correl-
ation 
-0.916 
-0.966 
-0.991 
-0.958 
-0.795 
-0.966 
R-Squ-
ared 
0.840 
0.935 
0.982 
0.918 
0.635 
0.936 
Statistics 
Signi-
ficance 
evel 
0.084 
0.034 
0.009 
0.042 
0.205 
0.034 
Error 
sum of 
square 
706.3 
10.8 
78.40 
51.85 
49.05 
449.60 
Slope 
in lEMG-
units 
7.4 
0.29 
0.82 
0.54 
0.36 
0.98 
Intercept 
in lEMG-
units 
1152.64 
28.32 
128.06 
147.32 
63.57 
187.65 
3.2.4 Discussion and Conclusions 
Results of the above presented two studies indicated that the age related effects 
in keying process, in general, and in data entry type of work in particular were almost non 
significant, which implied that older and younger people were equally competent in 
performing the keying operation on computers. However, at low levels of lilt angle of 
the conventional keyboard, age of the operators did have an effect. When operators 
worked at ihc lour levels of tilt angle of the conventional keyboard (Sludy-3) as specified 
earlier, the muscular fatigue induced in the last two groups of operators (i.e. 25-35y and 
40-50 y) was found to be significantly higher than that induced in the other two groups 
(i.e. 13-15 y and 18-23 y). Further at lower levels of tilt angle of the conventional 
keyboard, muscular fatigue induced in the first and second (Study-3), second and third 
(Study-4) age-groups was found to be marginally low, though statistically non-signifi-
cant. This might have been the reason for showing non-significant effect of age on 
operators' performance in the kind of task considered in the present set of studies. The 
marginal differences between the four age groups can be explained in terms of findings 
of Kumashiro (1985) who reported that the biological and physiological functions in the 
humans generally reach their peaks by the age of 25 to 30 years and tend to decline 
thereafter. In the present study youngsters emerged to perform better in keying operation, 
in general and in the data entry task, in particular. This, however, did not have a 
statistically significant difference as stated earlier. The experimental evidence of 
Ogozalek and Praag (1986) that "there are no major differences in performance between 
elderly computer users and their younger counterparts in carrying out a computer-based 
composition task" (p. 205) provided a support to the present findings. Ojima et al (1993) 
too did not report any difference in the range of motion (ROM) index between young (age 
19-31 y) and old (age 45-63 y) people under forearm fixed condition. When viewed in 
terms of response time terminology, working on the keyboard involves decision times as 
well as the movement time. It was reported that when operators carried out continuous 
choice reaction tasks, their performance did not differ for young and old workers (Rabbit, 
1979). On a similar task where keying perlormance on the keyboard of hand held 
calculators (HHCs) was investigated for different age grOUps, it was found that the age 
of operators did not have a significant effect on human performance (Yunis and Rizvi, 
1994). Studies by Fozard and Poon, cited by Fozard (1981), also could not find any age-
related differences in terms of error-scores or strategies their subjects adopted in 
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performing the assigned task. Similar findings were also reported by Kumashiro (1985). 
In general, working on the VDUs through the keyboards is complex task in which 
many age-related factors may have a great effect on human performance. For example 
visual acuity is an important factor. In this context it was reported that as people age, a 
number of visual functions, such as acuity, vision field, and night vision may get 
deteriorated (Kelein, 1991). Younger and older adults were compared by using 
procedures that exhibited the speed effect of visual attention. In this study results were 
also consistent with the interpretation that younger and older adults did not differ in the 
allocation of attention (Hertley et al., 1992), thereby supporting the findings of the present 
study. 
Working on the keyboard requires a precise motion and perfect control of motion 
of the two hands and fingers so that the movement time plays an important role in the 
keying performance. Waugh et al. (1978) found a marginal increase in reaction time with 
age but, statistically, that too was non-significant. Similar findings were reported by Rizvi 
(1984) also. Previous studies conducted on such perceptuo-motor tasks have not yielded 
an integrated description of the way in which age effects information processing 
capability (Welford, 1981). 
In keying process the relationship between strength and force required for keying 
is an important aspect of keying performance. It is well known that the muscle strength 
of the old people is lesser than that of younger people. It was found that in keying process 
on an average a force of 5N is required to generate a character on QWERTY keyboard 
(Kroemer, 1993). This amount of force needed can be achieved by young and old subjects 
easily. This may be another factor which might have led to diminish the effect of age on 
keying performance. However, muscle fatigue recorded for older subjects, in general, 
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was found lo be more than that of the younger ones. Il was reported that the maximal 
voluntary contraction of right-hand finger flexors, right thumb abductors and right 
forearm extensors declines with increasing age (Bemhen et al., 1991). ()n the other hand 
it was also reported that no clear correlation was found between force exertion and age 
(Hansson et al., 1992) providing further strength to the present findings. In the light of 
these observations, this study seems to have contributed significantly to the present store 
of knowledge on human performance under the effect of aging, particularly in the 
environment of HCI. 
As was found in the earlier studies also, the keyboard design emerged to have a 
statistically significance effect on human performance. Human fatigue (expressed in 
lEMG-units) recorded from the operators' hands was found to be highly alleviated when 
operators employed the shaped (either "unishaped" or "split-shaped") keyboards, in 
contrast to the conventional design of the keyboard. This reflected relative efficiency of 
shaped keyboards over that of conventional" QWERTY" keyboard. Further on comparing 
human fatigue induced in operators when they used "unishaped" and "split-shaped" 
keyboards, it was found that both the keyboards appeared to be effective from human 
performance point of view. Reasons for statistical significance of the keyboard design on 
human performance has already been explained elsewhere (Subsection 4.1.3). Results of 
the present set of studies also indicated that the keyboard inclination (lilt and base angles) 
plays an important role in the ergonomic design of the keyboards, specially when it related 
to the conventional keyboard. Maximum fatigue recorded was at the minimum levels of 
tilt angle of conventional keyboard and base angle of shaped (either "unishaped" or 
"split-shaped") keyboard in both the experiments described above. This indicated that 
irrespective of the levels of age and the keyboard design , humans are su-essed (in terms 
of muscular fatigue) in a linearly decreasing manner with the a rise in the level of 
keyboard inclination (tilt^ase angles). In the two experiments , for the two keyboard 
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designs used, dilTcrent values of slopes for the muscular fatigue functions were obtained 
implying thereby a strong interdependence between the keyboard inclination (tilt/base 
angles) level and the keyboard design . Possible reasons for a decrement in muscular 
fatigue with an increase in the keyboard inclination (till/base angles) level might have 
been as presented earlier (Subsection 4.1.3). 
Based on the above discussion, following conclusions are drawn: 
1. Chronological age does not appear to be a significant factor in perceptuo-motor 
tasks like keying operation on a computer, particularly, where the data entry task 
was involved. This implies thai human age does not seem to be an important factor 
in the ergonomic design of the computer keyboards. 
2. The shaped (either "unishaped" or "split-shaped") keyboards emerged to have a 
significant advantage over the conventional ones in the context of human 
performance. In both the experiments conducted, shaped keyboards emerged to 
be the economical from ergonomics point of view and were more efficient and 
less stressful compared to the conventional keyboards. 
3. Level of inclination (tilt/base angles) of the keyboard does have a role to play 
while designing an ergonomic keyboard, this fact being more pronounced in the 
context of the tilt angle of the conventional type of the keyboard design. 
4.3 Effect of Motor-Sidedness on Human Fatigue 
In the following two studies human- performance was investigated in an HCI 
environment from motor-sidedness characteristics point of view. Details of the two 
studies undertaken in this context were as follows. 
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4.3.0 Purpose 
The literature reviewed on human laterality (Chapter II) indicated that cerebral 
specialisation is a very distinct and well documented feature in human beings. It was noted 
that laterality as a variable was usually not being considered in researches conducted in 
the field of human factors engineering, in general, and in the area of HCI, in particular. 
With these observations in view present study was designed to bring out differences, if 
any, in performance of right-motor sided and left-motor sided people when they worked 
on computers with special reference to the keying operation. In all, two experiments were 
conducted. The first investigation explored how the conventional and unishaped keyboard 
designs of computers affected the performance of right-motor- sided and left-motor-
sided people. In the second experimental investigation, an attempt was made to determine 
how the conventional and "split-shaped" keyboard designs affected the level of muscular 
fatigue induced in right and left motor-sided people. Further, the interactive effects of 
laterality characteristics of humans and the inclination (tilt/base angles) level of the 
conventional, "unishaped" and "split-shaped" keyboards employed in the two experiments 
were also studied. These objectives slated in terms of statistical hypotheses may be 
presented as follows. 
1. People possessing right-motor-sidedness do not differ in performance from those 
with left-motor-sidedness when tested in the HCI environment in the data entry 
kind of task. 
2. The conventional, "imishaped" and "split-shaped" keyboards are equally effective 
for human operators. 
3. In data entry task, human beings get equally fatigued when they work on 
computers at different inclination (tiIt^ase angles) levels of the keyboard. 
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4.3.1 Experiment 1 [STUDY-5] 
In this study human performance was investigated when operators with varying 
levels of cerebral specification worked on conventional and unishaped kind of keyboard 
designs. The details of this study were as follows. 
4.3.1.1 Method 
Ten right motor-sided and an equal number of left motor-sided males were 
selected from the pool of subjects (Chapter III) to participate in the present study. Out of 
the 12 left motor-sided subjects in the pool, ten were selected. From among the right 
motor-sided subjects ten were selected from the above mentioned pool of subjects, 
ignoring those who had participated in the earlier experiments as subjects. All the subjects 
selected had the same level of experience in computer operation. Mean age of the subjects 
stood at 22.4 y (SD = ± 2.7 y). All the subjects had normal sight either with (n = 1) or 
without (n = 19) glasses. All the experimental sessions were conducted between 1500 
and 1800 hours. Other procedural details related to the present study were same as 
mentioned in the previous studies. None of the subjects selected had any history of 
neuromuscular disorder. 
4.3.1.2 Result 
While performing the experimental task subjects committed almost negligible 
errors (Less than 5^). Therefore, results were analysed only in terms of muscular fatigue 
(expressed in lEMG-units) rather than the operational time. Computations for the mean 
values of muscular fatigue were carried out in the manner as explained in earlier studies. 
The individual and mean muscular fatigue values along with their standard deviations 
pertaining to both the right and left motor-sided people when they worked on the 
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conventional and "unishaped" keyboards at different inclination (lilt/base angles) levels 
of the two keyboards were computed as presented in Appendix L. From the mean values 
of the muscular fatigue expressed in lEMG-uniLs reproduced in Table 4.3.1.1, it was 
observed that the muscular fatigue decreased with an increase in level of till and base 
angles of the conventional and "unishaped" keyboards respectively. 
Table 4.3.1.1: Mean muscular fatigue (in IEMG-units)of right and left -motor-
sided operators at different levels of inclination (tilt/base angles) 
of the conventional and unishaped keyboards (Study-5). 
Motor-
Sidedness 
Right 
Left 
Muscular Fatigue (Expressed 
Conventional Keyboard 
Inclination Level 
(Tilt Angle) 
1 2 3 4 
192.5 181.6 15L6 125.2 
172.1 146.4 133.2 121.7 
in lEMG-Units) 
Unishaped Keyboard 
Inclination Level 
(Base Angle) 
1 2 3 4 
93.6 86.7 79.5 89.9 
87.3 83.2 82.6 81.9 
A 2(motor-sidedness) x 2 (keyboard design) x 4 (inclination level) factorial 
design with repeated measures on the last two factors was employed to perform the 
analysis of variance on the collected data. The Banlett's test conducted on the ANOVA 
model indicated that observed Chi-square (59.7155) exceeded the tabulated value (11.40) 
at Alpha = 0.25 (df = 9), which implied that the subjects interactions could not be dropped 
from the ANOVA model. Accordingly F-ratios were computed as presented in Table 
4.3.1.2. 
It was found that the main effect of motor-sidedness was statistically significant 
(F(l,18)=4.4;p<0.5) and thus constituted an important factor in the process of designing 
of a computer keyboard. Further, the keyboard design (F( 1.18) = 4.4; p < 0.05) as well 
as the inclination (till/base angles) level (F(3,54) = 2.78; p < 0.05) emerged to have a 
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Table 4.3.1.2: Summary of analysis of variance for muscular atigue expressed in 
lEMG-units when operators performed data entery task under 
conventional and unishaped keyboards (Study-5). 
Source of variation 
Between subjects 
A (Motor-Sidedness) 
Subjects within groups 
(Error 1) 
Within subjects 
B (Keyboard Design) 
A x B 
B X Subject within groups 
(Error 2) 
C (Inclination level) 
A x C 
C X Subject within groups 
(Error 3) 
B x C 
A x B x C 
B X C x Subject within 
(Error 4) 
SS 
25776.50 
736.00 
20040.50 
278010.00 
184416.50 
2907.00 
9624.50 
25018.00 
1290.75 
7086.25 
17808.50 
1775.50 
28083.25 
df 
19 
1 
18 
140 
1 
1 
18 
3 
3 
54 
3 
3 
54 
MS 
1356.65 
5736.00 
1113.36 
1985.78 
184416.50 
2907.00 
131.22 
8339.33 
430.25 
131.23 
5936.17 
591.83 
520.06 
F 
5.15* 
344.90' 
5.43* 
63.54* 
3.27* 
11.44* 
1.13 
* p < 0.05 
significant effect on human performance. In addition, the interaction effects between 
raotor-sidedness and keyboard design (F( 1,18) =4.4; p< 0.05), between keyboard design 
and inclination (lilt/base angles) level (F(3,54) = 2.78; p < 0.05) and between motor-
sidedness and inclination (till/base angles) level (F(3,54) = 2.7; p < 0.05) also emerged 
to be statistically significant. However, the second order interaction i.e. motor-sidedness 
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X keyboard design x inclinalion level was found slalislically to be non-significant 
(F(3,54) = 2.78; NS). Since the keyboard design x inclinalion (tilt/base angles) level was 
significant, the data were further analysed in terms of the simple main effects, rather than 
the overall main effects of the concerned variables as shown in Table 4.3.1.3. 
Through this analysis it was found that the keyboard design was statistically 
significant at all the four levels of keyboard inclination (tilt/base angles). It was also 
found that the level of the tilt angle emerged to be significant when operators worked on 
the conventional keyboard. However, the level of base angle within the range investigated 
was found to be non-significant with the unishaped type of keyboard design. 
Table 4.3.1.3: Summary of the analysis of simple main effects when operators 
performed the data entery task on bothe the conventioani and 
unishaped keyboards (Study-5). 
Source of variation SS df MS 
B (Keyboard design) 
CI (keyboard inclination level 1) 88548.10 
C2 (Keyboard inclination level 2) 62489.07 
C3 (Keyboard inclination level 3) 37088.10 
C4 (Keyboard inclination level 4) 14100.00 
Error term = 523.72 
C (Keyboard inclination level) at: 
Bl (Conventional keyboard) 42010.50 3 
B2 (Unishaped keyboard) 816.12 3 
Error term = 260 
1 
1 
1 
1 
88548.10 
62489.07 
37088.10 
14100.00 
169.10* 
119.32' 
70.82* 
26.93* 
14003.50 
272.04 
53.85* 
1.05 
p<0.01 
The relationship between the muscular fatigue and keyboard inclination (tilt/base 
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angles) level was studied on the basis of the mean lEMG values (Table 4.3.1.4) computed 
for the operators irrespective of their motor-sidedness characteristics . Based on these 
values muscular fatigue as a function of keyboards' inclination (tilt/base angle) level was 
plotted for conventional and unishaped designs of the keyboard as shown in Figures 
4.3.1.1 and 4.3.1.2. This graphical analysis revealed a linearly increasing pattern of 
Table 4.3.1.4: Mean muscular fatigue values (in lEMG-units) pooled over right 
and left-motor-sided operators at different inclination (tiltA)ase 
angles)levels under conventional and unishaped keyboards 
(Study-5) 
Muscular Fatigue (Expressed in lEMG-Units) 
Inclination Level of the Keyboards 
Keyboard Design 
Conventional 
Unishaped 
1 
182.30 
90.45 
(Tilt/Base Angles) 
2 
164.00 
84.95 
3 
142.40 
81.50 
4 
123.45 
85.90 
muscular fatigue whereas the equations of best fit for muscular fatigue were obtained as 
follows: 
For conventional keyboard: 
(HF)^  = 202.57 - 19.81L, .... (4.3.1.1) 
For unishaped keyboard: 
(HF)_ = 90.975 - 1.72L^ .... (4.3.1.2) 
Where (HF)^ , (HF)^  represent the human fatigue expressed in lEMG-units for conventional 
and unishaped keyboards respectively, and L, and L^  are the levels of the tilt and base 
angles of the conventional and "unishaped" keyboards respectively. Relationship 
between muscular fatigue and motor-sidedness was also investigated on the basis of the 
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mean muscular fatigue, computed for right and left motor-sided subjects under different 
inclination (tilt angle) levels of the conventional design of the keyboard (Table 4.3.1.5). 
Further, inclination levels versus human fatigue expressed in lEMG-uniLs was plotted as 
Table 4.3.1.5: Mean muscular fatigue values (expressed in lEMG-units) at 
different inclination (tilt/angle) levels of conventional design of the 
keyboard employed by right and left motor-sided individuals 
(Study-5). 
Muscular Fatigue (Expressed in lEMG-Units) 
Inclination Level of Conventional Keyboard 
Motor-Sidedness 
Right 
Left 
1 
197.0 
175.5 
(Tilt Angle) 
2 
172.6 
155.4 
3 
150.9 
140.1 
4 
128.5 
123.4 
shown in Figure 4.3.1.3. This shows that the left motor- sided people performed better 
in the data entry task as is also evident from Figure 4.3.1.4, which graphically depicts the 
relationship between motor-sidedness of operators and human muscular fatigue induced 
in them. The human performance models indicated a linearly varying pattern of muscular 
fatigue with the human motor-sidedness. Values of the correlation coefficient, R, R-
squared, sum of square errors, intercept and slope parameters pertaining to the performance 
models were obtained as shown in Table 4.3.1.6. 
On similar lines, human performance models indicating relationship between 
muscular fatigue and keyboard inclination levels of tilt angle of conventional type of 
keyboard design for right- and left motor-sided oj)erators were also developed as showh 
below. 
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Figure 4.3.1.1. Mucular fatigue as a function of keyboard inclination levels for 
"Conventional" (1 to 4) and "Unishaped" (r to 4 ) keyboards 
design (levels U 3 , 4 refer to 4,10,16^2 degrees while 1 ,2 ,3 ,4^  
refers to 15^^530 degrees). (Study-5) 
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Figure 4.3.1.2. Human muscular fatigue induced in operators when they worked 
on "Conventional "and "Unishaped "keyboards design at different 
inclination levels (tilt/base angle) of keyboard design (level 1 to 4 
and r to 4^  as in Figure 4.3.1.1). (Study-5) 
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Figure 4.3.1.3. Human muscular fatigue as a function of keyboard inclination (tilt 
angle) levels for right and left-handed operators, when they 
performed data entry task on "Conventional" keyboard design 
(Level 1 to 4 same as in Figure 4.3.1.1). (Study-5) 
95 
250 
Human Muscular Fatigue in lEMG-Units 
200 
150 
100 
50 
Level 1 
Level 2 
Level 3 
Level 4 
J _ 
Right-Handed Left-Handed 
Motor-Sicledness 
Figure 4.3.1.4. Muscular fatigue of ri^t and left-handed operators under different 
inclination (tilt angle) levels of "Conventional" keyboard (level 1 
to 4 same in Figure 4.3.1.1). (Study-5) 
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Table 4.3.1.6: Statistics related to the best-fit curves of Figures 4.3.1.2 and 4.3.1.4 
(Study-5). 
Factor 
Conventional 
Unishaped 
Right-sidedness 
Left-sidedness 
Correl-
ation 
-0.9995 
-0.599 
-0.999 
-0.998 
R-Squ-
ared 
0.999 
0.359 
0.999 
0.996 
Statistics 
Signi-
ficance 
evel 
0.0005 
0.401 
0.001 
0.002 
Error 
sum of 
square 
1.87 
26.31 
21.57 
5.28 
Slope 
(in lEMG-
units) 
0.021 
2.05 
0.41 
0.39 
Intercept 
(in lEMG-
units) 
3.26 
176.0 
35.08 
47.35 
For right-sided individuals: 
(HF) = 219.05 - 22.72L 
r I 
For left-sided individuals: 
(HF), = 197.7 - 17.22L, 
....(4.3.1.3) 
....(4.3.1.4) 
Where, (HF)^ , and (HF), are muscular fatigue levels for right- and left- sided operators 
respectively and L, is the level of tilt angle of conventional type of keyboard design. It 
was found that the statistic R was considerably high (Table 4.3.1.6) in all the human 
performance models. This implied a very strong linear relationship between muscular 
fatigue and keyboard inclination (tilt angle) level. Moreover, high values of R-squared 
were also found in all these models. This indicatedthat the linear models fit very well to 
the sets of muscular fatigue data indicating thereby a high intensity of relationship 
between muscular fatigue score and keyboard inclination levels. 
4.3.2 Experiment 2 [STUDY-6] 
In this experiment human performance on conventional and split-shaped type of 
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keyboard in the conlexl of molor-sidcdncss of humans was studied. Details of the study 
are presented as follows. 
4.3.2.1 Method 
Ten left sided subjects who participated in the preceding study also participated 
in the present study. This policy of employing same subject was adapted because of non-
availability of left-motor sided people in the strata of the society where experiments were 
carried out. As regards the subjects with right motor-sidedncss, they were chosen from 
the already referred pool of subjects after excluding all those who had participated in the 
earlier five studies. All the subjects possessed nearly the same leveliexperience in working 
on the VDUs. The mean age values of the subjects was 24.9 y (SD = ± 3.9 y). All the 
subjects had normal vision either with (n = 2) or without (n = 18) glasses. The 
experimental sessions were conducted in the after-noon between 1500 and 1900 hours. 
Data were collected in the same way as explained in preceding studies. 
4.3.2.2 Results 
On the pattern of the previous studies subjects in this study also committed almost 
negligible errors (less than 5%) in performing the experimental task. Therefore, results 
were analysed in terms of muscular fatigue scores (expressed in lEMG-units) rather than 
the operational time. Computation of the mean values were carried out in the manner as 
explained in previous studies. The individual and the mean muscular fatigue expressed 
in lEMG-units and their standard deviations for both right and left motor-sided people 
when they worked on the conventional and "split-shaped" types of keyboard at different 
inclination (till/base angles) levels of the keyboards were computed as presented in 
Appendix M. The mean values of muscular fatigue reproduced in Table 4.3.2.1 show a 
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decreasing paiicrn in muscular fatigue as the level of inclination (tilt/base angles) of the 
keyboard increased. A 2 (motor-Sidedness) x 2 (keyboard design) x 4 (inclination (tilt/ 
base angles) level) factorial design with repeated measures on the last two factors was 
employed to perform the analysis of variance on the observed data. Bartlett's lest 
conducted on the ANOVA model revealed that the observed Chi-square (119.57) was 
Table 4.3.2.1: Mean muscular fatigue values (in lEMG-units) of right and left 
motor-sided operator at different levels of inclination (tilt/base 
angles) under conventional and split-shaped keyboards (Study-6). 
Motor-
Sidedness 
Right 
Left 
Muscular Fatigue (Expressed 
Conventional Keyboard 
Inclination leveL 
(Tilt Angle) 
1 2 3 4 
197.0 172.6 150.9 128.5 
144.3 137.5 122.2 106.1 
in lEMG-Units) 
Split -Shaped Keyboard 
Inclination Level 
(Base Angle) 
1 
97.6 
84.0 
2 3 4 
87.3 84.3 88.4 
79.1 74.7 69.9 
higher than that tabulated (11.40) at Alpha = 0.25 (df=9), which implied that the subjects 
interaction could not be dropped from the ANOVA model. Accordingly F-ratios were 
computed. Results of the analysis of variance summarised in Table 4.3.2.2 indicated that 
motor-sidedness emerged to have a statistically significant (F(l, 18)=4.4; p < 0.05) effect 
on human performance in data entry kind of HCl environment. Further, the keyboard 
design (F( 1,18)=4.4; p < 0.05) as well as the inclination (lilt/base angles) (F(3,54)=2.78; 
p < 0.05) emerged to have a significant effect on human performance. Moreover, the 
interaction effects between motor-sidedness and keyboard design (F(l,18) = 4.4; p < 
0.05), between keyboard design and inclination (tilt/base angles) level (F(3,54) = 2.78; 
p < 0.05) and between motor-sidedness and inclination (till/base angles) level (F(3,54) 
= 2.78; p < 0.05) also emerged to be statistically significant. However, the second order 
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interaction i.e. motor-sidedness x keyboard design x inclination (tilt/base angles) level 
was found to be statistically non-significant (F(3,54) = 2.78; NS). Since the keyboard 
Table 4.3.2.2: Summary of analysis of variance for muscular fatigue expressed in 
lEMG-units when operators performed data entry task under 
conventional and split-shaped keyboard designs (Study-6). 
Source of variation 
Between subjects 
A (Motor-Sidedness) 
Subjects within groups 
(Error 1) 
Within subjects 
B (Keyboard Design) 
A x B 
B X Subject within groups 
(Error 2) 
C (Inclination level) 
A x C 
C X Subject within groups 
(Error 3) 
B x C 
A x B x C 
B X C X Subject within 
(Error 4) 
SS 
15156.75 
3871.25 
11285.50 
270131.00 
191199.80 
551.00 
2687.00 
28472.50 
305.55 
5249.50 
13308.75 
670.50 
22686.25 
df 
19 
1 
18 
140 
1 
1 
18 
3 
3 
54 
3 
3 
54 
MS 
797.724 
3871.25 
626.97 
1929.51 
191199.80 
551.00 
97.21 
9490.83 
101.83 
97.22 
4436.25 
223.55 
420.11 
F 
6.17* 
447.72' 
1.29 
97.63* 
1.05* 
10.55* 
0.53 
* p < 0.05 
design x inclination (lilt^ase angles) level interaction was significant the data were 
further analysed in terms of simple main effects, rather than the overall main effects of 
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the concerned variables, as shown in Table 4.3.2.3. This analysis revealed that the 
keyboard design had a significant effect at all the four inclination (tilt/base angles) levels 
of the keyboards used in this study. So was the case with the level of tilt angle also, which 
emerged to be significant when the conventional type of keyboard design was employed. 
Table 4.3.2.3: Summary of the analysis of simple main effects when operators 
performed the data entry taskon both the conventional and split-
shaped keyboards(Study-6). 
Source of variation SS df MS 
85008.4 
61344.1 
39250.2 
18705.7 
201.5* 
145.9* 
93.0* 
44.3* 
63.5' 
2.8 
B (Keyboard design) 
CI (keyboard inclination level 1) 85008.4 1 
C2 (Keyboard inclination level 2) 61544.1 1 
C3 (Keyboard inclination level 3) 39250.2 1 
C4 (Keyboard inclination level 4) 18705.7 1 
Error term = 421.85 
C (Keyboard inclination level) at: 
Bl (Conventional keyboard) 40020.6 3 13340.2 
B2 (Split-shaped keyboard) 1760.6 3 586.9 
Error term = 210.06 
*p<0.01 
For studying the relationship between muscular fatigue and inclination (lilt/base angles) 
level, mean muscular fatigue values were computed for the operators irrespective of their 
motor-sidedness as presented in Table 4.3.2.4. 
Muscular fatigue as a function of the inclination (tilt/base angles) level was 
plotted for conventional and "split-shaped" designs of the computer keyboard as shown 
in Figure 4.3.2.1. Similarly curves for muscular fatigue versus specific configuration of 
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Table 4.3.2.4: Mean muscular fatigue values (in lEMG-units) pooled over right 
and left-motor-sided operators at different inclination (tiltA)ase 
angles)levels under conventional and split-shaped keyboards 
(Study.6). 
Muscular Fatigue (Expressed in lEMG-Uniis) 
Inclination Level of the Keyboards 
Keyboard Design 
Conventional 
Split-shaped 
1 
170.65 
90.80 
(Tilt/Base Angles 
2 
155.05 
83.25 
) 
3 
136.55 
79.5 
4 
117.3 
79.15 
keyboards' design (conventional and "split-shaped") were also plotted. The nature of the 
curves revealed a linearly increasing pattern of muscular fatigue for both the conventional 
and "split-shaped" designs of the keyboard (Figure4.3.2.2). Following human performance 
models were obtained: 
For conventional keyboard: 
(HF)^  = 189.52 - 17.85L, .... (4.3.2.1) 
For split-shaped keyboard: 
(HF\ = 92.82 - 3.86L, .... (4.3.2.2) 
Where, (HF)^  and (HF)^  represents human fatigue level (in lEMG-units) for conventional 
and "split-shaped" designs respectively and L, and L^  stand for the levels of till and base 
angles of the conventional and split-shaped keyboards respectively. 
The relationship between motor-sidedness and levels of tilt angle of the 
conventional keyboard was analysed on the basis of the muscular fatigue computed as 
presented in Table 4.3.2.5. Muscular fatigue as a function of motor-sidedness of operator 
working on the specified keyboard design was plotted as shown in Figure 4.3.2.4. 
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200 
Human Muscular Fatigue in lEMG-Units 
150 
100 
50 
Conventional 
Spli t -shaped 
l.!*- 2.2^ 3,3^ 4.4^ 
Keyboard Inclination Level 
Figure 4.3.2.1. Human muscular fatigue as a function of keyboard inclination 
levels for "Conventional" (1 to 4) and "Split-Shaped" (r to 4 ) 
keyboards design (levels 1,2,3,4 refer to 4,10,16,22 degrees while 
1 ,2 ,3 ,4^  refers to 1 5 3 , 2 5 3 degrees). (Stiidy-6) 
103 
200 
Human Muscular Fatigue in lEMG-Units 
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Level 1,1^ 
Uvel 2,2^ 
- ^ Level 3,3*> 
" t r Level 4,4*' 
Conventional Split-shaped 
Keyboard Design 
Figure 4.3.2.2. Human muscular fatigue under "Conventional" and "Split-
Shaped" keyboards induced in operators at different inlcination 
(tilt/base angles) levels of keyboard designs (level 1 to 4 and 1" to 
4' same as in Figure 4.3.2.1). (Study-6) 
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Human Muscular Fatigue in lEMG-Unils 
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Right-Handed 
Left-Handed 
1 2 3 4 
Keyboard Inclination Level (Tilt Angle) 
Figure 4.3.2.3. Muscular fatigue as a function of keyboard inclination (tilt angle) 
levels for the respective population of right* and left-motor-sided 
peoples (levels 1 to 4 same as in Figure 4.3.2.1). (Study-6) 
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Level 3 
- B - LEVEL 4 
Right-Handed Left-Handed 
Motor—Sidedness 
Figure 4.3.2.4. Muscular fatigue induced in operators with specific human motor 
sidedness under different keyboard inclination (tilt angle) levels 
(level 1 to 4 same as in Figure 4.3.2.1). (Study-6) 
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Table 4.3.2.5: Muscular fatigue values expressed in lEMG-units for right and 
left-motor-sided subjects under different inclination (tilt angle) 
levels of the conventional keyboard (Study-6). 
Muscular Fatigue (Expressed in lEMG-units) 
Inclination Level of the Keyboards 
Molor-Sidedness 
Right-handed 
Left-handed 
1 
192.5 
172.1 
(Tilt Angle) 
2 
181.6 
146.4 
3 
151.6 
133.2 
4 
125.2 
121.7 
Models of human fatigue for both right and left-motor-sided people were obtained 
as follows: 
For right-motor-sided people: 
(HF)^  = 220.7 - 23.18L, .... (4.3.2.3) 
For left-motor-sided people: 
(HF), = 184.45 - 16.43L, ....(4.3.2.4) 
Where the notations have their usual meanings. 
From the mathematical models presented as above, this is observed that the left-
motor-sided individuals performed better in the experimental task ofthe data enu^ kind 
when they employed the conventional and split-shaped designs of the computer keyboards, 
this behaviour being very well reflected in the graphical analysis shown in Figure 4.3.2.4. 
Various statistics related to the human performance models for conventional and split-
shaped keyboards, and for right-motor-sided and left-motor-sided individuals are shown 
in Table 4.3.2.6. It was found that R-values for the obtained human performance models 
(Equations 4.3.2.1,4.3.2.2,4.3.2.3 and 4.3.2.4) were high for both the keyboard designs 
as well as for the motor-sidedness. This implies a strong linear association between 
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Table 4.3.2.6: Statistics related to the best-fit curves of Figures 4.3.2.2 and 4.3.2.4 
(Study-6). 
Statistics 
Factors 
Correl- R-Squ- Signi- Error 
ation ared ficance sum of 
evel square 
Slope Intercept in 
inlEMG- lEMG-uniUs 
units 
Conventional 
Split-shaped 
Right-Handers 
Left-Handers 
-0.998 
-0.922 
-0.984 
-0.979 
0.997 
0.85 
0.969 
0.961 
0.002 
0.078 
0.016 
0.021 
3.56 
13.15 
85.82 
56.24 
0.004 
0.70 
0.36 
0.21 
6.51 
58.43 
49.21 
18.33 
inclination (tilt/base angles) levels of the keyboards used and the muscular fatigue 
induced in human operators. 
In the final phase of the analysis, muscular fatigue of operators vis-a-vis keyboard 
design at each level of tilt and base angles of conventional and "split-shaped" (Figure 
4.3.2.1), inclination levels of tilt angle of conventional keyboard and motor-sidedness 
(Figure 4.3.2.3) was studied. This once again reflected higher relative efficiency of the 
split-shaped keyboard over the conventional ones, thereby further confirming the results 
of the previous studies . 
4.3.4 Discussion and Conclusion 
Results of the above presented two studies which were conducted to investigate 
the effect of motor-sidedness on human performance in data entry kind of task revealed 
that the human laterality measured in terms of motor-sidedness pertaining to the two 
hands of the operators had a significant effect on human performance in the context of 
operation on VDTs, in general, and in the data entry task, in particular. Handedness was 
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noted to be one of the most widely studied index of human-niotor-sidedness in the 
literature (Chapter 2). However, either no or very few studies have been conducted in the 
past to study the effect of laterality on human performance in the context of operations 
carried out in the HCI (human computer interaction) environment. Many studies which 
investigated laterality effects on sensory-motor coordination (Deniels, 1981; Landauer 
et al, 1980; Porac and Coren, 1981) indicated significant differences in the right and left 
motor-sided people. In a simple tapping task where an individual was required to tap the 
telegraph keys as rapidly as possible during a given time interval. Sate et al. (1967) found 
that 35% of left-handed subjecLs did better on tapping with the right hands, while 6% 
showed no difference between the hands and 12% showed better tapping with their non 
preferred left hand and 1 % showed no difference. Provins and Cunliffe (1972) reported 
that 10% of the right-handers performed better tapping with their nonpreferred left hand, 
while 409c of of the left handers did better with their nonpreferred right hand. Similar 
findings related in tapping process was reported by many other investigators (e.g. Peters 
and Durding, 1979; Johnstone, 1979; Wiggins, 1973). While investigating the fatigue 
of the first dorsal interosseous, De Luca (1986) reported that the sustained contraction 
of the muscular fatigue of the lEMG signal decreased faster in dominant hand of right-
handed individuals, whereas no statistically significant distinction could be found in left 
handed subjects. They argued that such right/left differences in right-handed subjects 
provided an indication of certain modifications in the metabolic properties of muscle 
fibers induced by a lifetime of preferred functional use. In studies which related directly 
to the present research on keyboard design, Hobday (1988) specified two keyboard 
arrangements, one of them designed specially for the right-handed individuals and the 
other specially for left-handed persons. In QWERTY keyboards the arrangement of the 
keys on the keyboard is such that it assigns more load to the left hand than to the right 
one. It is about 57% load that goes to left hand as against 43% assigned to right hand 
(Ferguston and Duncan, 1974). Moreover, many common words (e.g. were, was, read, 
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etc.) are assigned in totality to the left hand only. As is clear from the mean values of 
muscular fatigue obtained in the two experiments, the main effect of motor-sidedness was 
observed to be more pronounced in the conventional "QWERTY" keyboards. However, 
this effect was found to be nearly diminished in the shaped ("uni.shaped" and "split-
shaped") keyboard designs. This simply means that the effect of laterality on human 
performance may be overcome when operators make use ol the shaped keyboards. 
Moreover, profile of means for left and right handed individuals corresponding to the 
conventional and "unishaped" keyboards (Figure 4.3.1.4) and the conventional and 
"split-shaped" keyboards (Figure 4.3.2.4) indicated that in bdth the experiments undertaken, 
left-handed individuals performed better by way of getting less stres.sed than right-
handed individuals. This finding gets supported by Badar et al (1992), who investigated 
the effect of laterality under varying levels of illumination in an HCI environment and 
concluded that human motor-sidedness had statistically a significant effect on human 
performance. Moreover, left-handed individuals performed better than right-handed 
ones under the data entry task on VDU. However, only since the last two decades or so 
interest on differential functioning of hemispheres has evolved (JuUiano, 1980) and, 
today, a large body of literature is available on the topic, there being about 1000 references 
cited in the work of Porac and Coren (1981) itself. In the field of ergonomics, it appears 
from the literature that usually laterality is not being considered as a variable. Specially 
in the field of HCI environment, it appears that either no or very few investigations have 
been undertaken in the past in which laterality was considered as an important parameter 
in designing the man-VDT system. In this context, present work appears to have 
contributed a lot in imparting knowledge to the system designers of the days ahead. 
The findings of the present study may be generalized to suggest that in all the tasks 
that need coordination of the two hands, laterality has a role to play. This point of view 
gets supported from the finding that many persons are forced to use their non-preferred 
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hand in such skills as playing of musical instruments (Oldlicld, 1969) which needs fine 
motor control of both the hands. 
Another important finding based on this study revealed that the variable, 
keyboard design significantly effected human performance. Similar to the earlier studies 
carried out in this work, these studies also showed higher relative efficiency of both the 
"unishaped" and "split-shaped" keyboards over the conventional one . The human 
muscular fatigue recorded while working on the shaped keyboards was much less than 
that on conventional kind of keyboard design. The possible reasons for this pattern of 
advantageous performance has been discussed elsewhere (subsection 4.1.3). 
Another major findings of the present set of studies pertains to the inclination (tilt/ 
base angles) level of the keyboard that once again emerged to have a significant effect 
on human performance. Analysis of simple main effects revealed that the tilt angle of the 
conventional keyboard has a significant effect on human performance. However, it was 
found that within the range investigated the level of base angle was non-significant so 
far as the "unishaped" design of the keyboard is concerned (experiment-1) and so was the 
case when "split-shaped" (experiment-2) design was adopted. Further, analysis of 
simple main effects for the two experiments also indicated that the keyboard design has 
a significant effect on human performance at all the four inclination (tilt/base angles) 
levels of the keyboard. Possible explanations pertaining to these findings have already 
been presented in Subsection 4.1.3 of this Chapter, 
To sum up, based on the present set of two studies following conclusions are 
drawn: 
1. Keying performance of humans is affected by their laterality characteristics. This 
implies that the conventional "QWERTY" keyboards which are available in the 
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market arc really ill designed, and are not equally elTicicnt for left- and right-
motor-sided people. 
2. Keyboard design emerged to have a significant effect on human performance. 
Present research indicated that "shaped" (either "unishapcd" or "split-shaped") 
keyboards offers more efficient version of the keyboard design, particularly 
under the data entry kind of task, considered in this work. 
3. Level of keyboard inclination (tilt angle) is a highly significant factor in deciding 
the overall performance of humans in keying configuration. It was found that 
within the range considered for the conventional keyboard, human performance 
improved with an increase in the tilt angle of the keyboard . 
4.4 General Discussion and Conclusions 
The six studies carried out in the present set of investigations provided important 
guidelines for the future system designers and it is hoped that it would further stimulate 
the curiosity of the ergonomists for a new ergonomic keyboard that would reduce stresses 
induced in users. In addition, such a keyboard hopefully would also alleviate the 
complaints about many problems presently being lodged by those using the conventional 
keyboards. Findings of the present work indicated that the present design of the keyboards 
in so far as some of the organismic characteristics of users are concerned, is equally 
efficient for all the individual users irrespective of their sex (STUDY-1 and -2) and age 
(STUDY-3 and -4). The sex, however, interacted with the keyboard design under the 
conventional design of the keyboard (STUDY-2), while operators' age interacted 
significantly with the keyboard design (STUDY-3 and -4). However, in terms of another 
organismic characteristic, laterality, it was found that the present keyboard design was 
not equally efficient for the left- and right- motor-sided people. Left-motor-sided 
individuahwere found to be superior to the right-motor-sided people so far as the data 
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entry task was concerned. The main and major conclusion drawn on the basis of the set 
of in vestigations undertaken in this work is that the present keyboard design does not offer 
an optimum and most efficient version of the computer keyboards design. It was found 
that shaped (either "unishaped" or "split-shaped") keyboards positively offered a 
superior design of the keyboard when it was compared with the conventional design. All 
the six experiments conducted in this work indicated that the human muscular fatigue 
which was measured in terms of lEMG-units, was much reduced when operators used the 
shaped keyboards. It may be noted that when a decrease or increase in myoelectric 
activity of the muscle is considered, one should also lake into account the effect of muscle 
length from which myoelectric activity is recorded (Zipp et al., 1983). It was found that 
the myoelectric activity decreases as the length of the muscle increases (Grieve and 
Pheasant, 1976). However, such a problem did not arise in the present work as an effort 
was made to record the myoelectric activity from the one and the same muscle of all the 
individuals participating in the study. This muscle was identified as extensor carpi 
radialis and was taken into view as per recommendations of other researchers in the field 
(e.g. Baidya and Stevenson, 1988). Thus the decrease in myoelectric activity or the 
muscular fatigue, in the present set of investigations could not be assigned to increase or 
decrease in the length of the muscles involved in the experimental task. The reduction 
in myoelectric activity as recorded in the present studies when operators worked on the 
"shaped" keyboards leads us to conclude that such a proposed design of the keyboard 
would decrease the repetitive strain injury developed in operators' hands, neck and 
shoulders. Many studies have shown that use of the conventional keyboards is the main 
cause of repetitive strain injury (RSI) (Hobday, 1988). One of the manufacturers, of late, 
went to the extent of even issuing statutory warning to its users for the likely damage that 
might be caused to users of this kind of keyboard design (Data-quest, 1994). Some times 
back it was suggested that to decrease the stresses induced in operators a keyboard design 
shaped like "V" is needed (Zip et al., 1983). Present research has yield many other salient 
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features, discussed below, that have born out of the set of investigations undertaken in 
this work.. The conclusions drawn from these studies equip the human factors engineers 
so as to evolve a still better ergonomic design of computer keyboard particular-1 yjight 
of the following observations. First, the conventional "QWERTY" keyboard has un-
ergonomic feature (Kroemer, 1991), and second, that still much is needed to be done to 
redesign the.se systems ergonomically particularly in evolving an optimum lay out 
configurations of the keys on the keyboard. 
A con.sisient finding, in all the investigations carried out to study the human 
performance in this work, appeared in the form of a linear relationship between the 
keyboards inclination (tilt/base angles) level and the human fatigue recorded in lEMG-
units. It was observed that as the inclination (tilt/base angles) level of the keyboards 
increased the muscular fatigue went on decreasing. This fact was most reflected when 
using the conventional "QWERTY" design of the keyboard. In all the studies undertaken, 
the inclination (tilt/base angles) level of the keyboard emerged to have a significant effect 
on human performance. However, the analysis of simple.-main effects indicated that, 
within the range investigated, the base angle of the "shaped" keyboards in most of the 
studies did not have a significant effect on human performance. This might have been due 
to the fact that at any inclination (base angle) level of shaped keyboards, the operators' 
hands and forearms were well supported on the frame of the keyboard itself. Moreover, 
while the operators performed the data entry task, their hands remained in down-ward 
posture which was exactly opposite to that demanded by the conventional design of the 
keyboard. These provisions might have been responsible to have, consistently in all the 
studies undertaken, revealed that "shaped" keyboards on an average offered a more 
efficient ergonomic design than the "conventional" one. Reports on muscles and nerve 
injuries among clerical workers, journalists, and the data entry operators and other people 
who use computers extensively, has been increasing dramatically (Science Shapes Life, 
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1992). For this scirry slate nl affairs the traditional design of the conventional keyboards 
is partly to blame, according to some medical experts (Kaimann, 1992). The effect of 
keyboard design in the present set of studies was found to be most apparent when 
performance (in terms of human muscle fatigue, measured in lEMG-units) was observed 
at the lower levels of the tilt angle of the conventional keyboard as is evident from the 
mean muscular fatigue values obtained in different experiments and summarised in Table 
4.4.1 below. Based on these values it was also concluded that the "unishaped" and "split-
shaped" designs of the computer keyboard were equally efficient when viewed from the 
muscular fatigue point of view. 
Table 4.41: Summary of the mean muscular fatigue values (in lEMG-units) 
obtained at lowest (level 1) and highest (level 4) inclination (tilt/ 
base angles) levels of different keyboards used in present study. 
Mean Muscular Fatigue Values (Expressed in lEMG-Units) 
StudyNo. Tilt Angle level for Base Angle level for Base Angle level for 
Conventional Design Unishaped Design Split-Shaped Design 
1 4 1 4 1 4 
1 
2 
3 
4 
5 
6 
165.85 
153.60 
184.55 
170.65 
177.2 
188.7 
137.00 
121.25 
123.45 
117.30 
113.60 
126.30 
85.5 75.65 
90.45 85.9 
105.3 89.20 
86.6 75.40 
90.80 79.15 
110.60 85.80 
While the subjects performed the experimental task it was observed that the the 
angle of ulnar abduction of the operators' forearm did not differ much in unishaped and 
split-shaped designs. However, ulnar abduction was recorded to be minimum (maximum 
15 
level of 15 degrees) when using the split-shaped keyboard. Conventional keyboard 
design, on the other hand dictated, an ulnar abduction of hand of the operators' with an 
average of 30 degrees. It was reported that as the ulnar abduction increased the 
myoelectric activity also increased so that for stress free motoric work ulnar abduction 
should be decreased to zero (Zipp et al., 1983). This explains very well the findings of 
the present work in terms of the decrease in myoelectric activity and hence decrease in 
muscular fatigue, when operators used the "shaped" keyboards in contrast to the 
"conventional" one. Moreover, the angle of pronation with reference to the forearm 
pronation al.so got highly reduced when operators used the "shaped" keyboards. It was 
reported that as the angle of pronation increased muscular fatigue also increased and the 
optimal range for pronation was proposed to be varying from 0 to 60 degrees (Grieve and 
Pheasant, 1976), a range that remained pertinent in case of the proposed design of the 
shaped keyboards also. 
The slope and intercept parameters of different muscular fatigue models 
developed for "Conventional" and "Unishaped", "Conventional" and "Split-shaped" 
keyboard designs in the six studiescLS summarised in Table 4.4.2 provided important 
information in the context of human performance in HCI environment. For the keyboard 
designs employed in the present work, different values of slopes for the muscular fatigue 
functions were obtained in all the six studies undertaken. This indicated a strong 
interdependence between the keyboard inclination (tilt/base angles) level and the 
keyboard design. 
All the experimental investigations showed that the level of muscular fatigue, on 
an average, did not differ when operators worked on either "unishaped" or "split-shaped" 
designs of the keyboard. Moreover, as is clear from the Table 4.4.1, the muscular fatigue 
values recorded at different levekof the base angle of the shaped keyboards were found 
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Table 4.4.2: Summary of slope and intercept parameters obtained for different 
human performance models for "Conventional", " linishaped" 
and "Split-shaped" keyboard designs employed in the six studies 
presented in the current chapter (Chapter IV). 
Study 
Number 
] 
2 
3 
4 
5 
6 
Cdnvcnlional 
Keyboard 
Slope 
0.425 
0.9S3 
1.5S 
7.47 
0.02 
0.04 
Inlercepl 
63.65 
134.54 
230.89 
1152.64 
3.26 
6.51 
Unishapcd 
Keyboard 
Slope 
0.017 
0.42 
2.05 
Inlercepl 
1..34 
40.31 
176.0 
Split -Shaped 
Keyboard 
Slope 
1.39 
0.29 
0.70 
Intercept 
109.93 
28.32 
38.43 
to be nearly the same for both the designs of the "shaped" keyboards. This fact was also 
reflected in the result of the simple main effects in most of the studies which indicated 
consi.stently that within the range investigated the level of the ba.se angle of the shaped 
(either "unishaped" or "split-shaped") keyboards did not have a role to play in the 
ergonomic design of the shaped keyboards. However, in all the six studies undertaken 
minimum muscular fatigue was recorded at the highest level of inclination (base angle) 
of the "shaped" keyboards. On the other hand the level of the till angle of the 
"conventional" keyboard emerged to be an important factor in designing this type of the 
keyboard. It appears that the inclination level of conventional design of the keyboard 
is yet to be standardised from u.sers point of view. The survey that was conducted as a part 
of the present research in order to record the provision of the level of inclination of the 
conventional keyboards showed that different manufacturing companies employed 
different levels of inclination. On other hand the literature reviewed indicated that for 
different countries diflerent inclination levels on the conventional keyboard were 
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employed (ILO, 1989). A study conducted by Zipp el al (19K3) indicated that the 
conventional keyboard should be inclined laterally by 10 to 20 degrees. Result of the 
present studies also indicated that at lower levels ol the inclination, the stress induced in 
operators are of lower intensity. The behaviour of muscular fatigue functions of 
keyboard design and the inclination (tilt/base angles) levels of the keyboard, had a good 
linear fit to the muscular fatigue data . 
In the present work an attempt was made to study the effect of laterality on human 
performance in the context of operation on VDTs, in general, and on the computer 
keyboard, in particular. Results of the two experiments conducted (STUDY-5 and -6) 
showed that the human-motor-sidedness has a significant role to play in the ergonomic 
design of the keyboard. Moreover, the interactive effects of the keyboard design and 
motor-sidedness emerged to have a significant effect too. The literature reviewed 
indicated that laterality as a variable was not being considered as an important factor in 
the ergonomic design of the computer keyboard. From the two profiles drawn for motor-
sidedness versus human fatigue values (Figures 4.3.1.4 and 4.3.2.4), left-motor-sided 
people appeared to be superior to those who possessed right-motor-sidedness. As stated 
earlier PC-MALTRON recently designed two configurations of the keys on the keyboard. 
One is specially designed for lefl-motorsided users and the other one for those having 
right-motorsidedness. In the area of ergonomics, it appears from the literature that 
laterality is yet not being considered as a variable of the study, while Wickens et al. (1981) 
suggested that through an arrangement of controls, where hemispheric lask-congruency 
is kept in view, designers can achieve important time sharing efficiency. In this context 
present findings on laterality positively enrich the set of data to be employed by future 
designers of the computer keyboard. This is important to note thai the human control of 
limbs plays an important role in affecting human performance wherever hand operations 
are involved. In tasks, like work on the computer keyboard, how the keyboards are 
118 
designed and how Ihc keys on Ihc keyboard are laid down would determine the demand 
on human-limbs when using these devices. The hand is an intricate mechanical system 
with very involved and complex problems of its precise control. How the fingers should 
be moved to reach various targets on the keyboard depends on the hand position, lower 
and upper arms, shoulder and body position and the angle of the shoulders, forearm with 
re.spect to the position and shape of the keyboard. vSo far as the understanding and 
functioning of the keying aspects of movements are concerned, it is difficult due to large 
number of degrees of freedom associated with the hand movement (Saltzman, 1979). The 
five fingers of the hand employed in the use of computer-keyboard have three joints each, 
with each bone controlled in its up and down motion (technically called "extension" and 
"flexion") by two tendons. Each of these two tendons is controlled by a muscle located 
in the lower arm. In addition there are some muscles within the hands which control the 
side-to-side motion of the fingers and the overall configuration of hands. Thus it is 
observed that operating and using keys of the keyboards should not be viewed as a trivial 
task. Operation of the computer keyboards is a highly skilled motor activity. Control of 
fingers poses a number of complexities and cognitive specifications of actions must be 
compatible with the existing knowledge of mental structure and the phenomena of keying 
with the aid of computer keyboard. In this context laterality in humans can not be 
overlooked, particularly, in light of the fact that the verbal thinking and the motoric 
process reside very specifically in two respective hemispheres i.e. in the left and right 
lobes of the brain. Present findings in term of significant effect of cerebral specialisation 
on human performance in the HCl environment demand an altogether new approach to 
be adopted in redesigning of the computer keyboard from ergonomics view point. 
Based on the findings of the experimental investigations presented in this chapter, 
following general conclusions car) be drawn: 
1. In keying process in general, and in the data entry-ia.sk in particular, the sex or 
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gender of the users docs not influence Ihe human performance. This holds for the 
main effects as well as the inicraclive effects of sex with the keyboard design and 
level of inclination (tilt/base angles) of the keyboard. The variable age, too, in 
the context of the kind of task investigated does not have an effect on human 
fatigue. However, the interaction effects of the age and keyboard design, age and 
inclination (tilt/base angles) level of the keyboard do have a significant effect on 
human performance. Finally, human motor-sidedness emerged to have a 
significant effect on human performance. This fact holds for the main effects as 
well as for their interactions with the keyboard design and level of inclination (lilt 
angle) of the keyboards employed in the present research. Moreover, the left 
motor-sided individuals were found to be superior to right-handed individuals in 
the sense that the muscular fatigue recorded in left-motor-sided people was found 
to be lesser than that induced in righi-motor-sided people. 
2. Shaped keyboards (either "unishaped" or "split-shaped") appears to be more 
efficient than the conventional keyboard design of the computer. It is expected 
that by adopting shaped keyboards in practice the problems of repetitive strain 
injury (RSI) and carpal tunnel syndrome (CTS) as reported in very large 
segment of the end-users population would get alleviated, if not eliminated. 
3. Higher levels of the tilt angle of the keyboard induced proportionately lesser 
stress in humans within the range investigated on conventional keyboard. A 
linearly increasing pattern of the muscular fatigue as a function of the level of the 
keyboard inclination (lilt angle) emerged from these studies. However, a sub-
study conducted a.s a part of the present work (section 4.1.1.3) revealed that the 
tilt-angle of the "unishaped" keyboard does not have a role to play in ergonomic 
design of the "shaped" keyboards. 
Some implications of these findings are presented in the next chapter. 
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CHAPTER V 
SUMMARY, CONCLUSION AND SCOPE FOR FURTHER 
RESEARCH 
In the late 20lh century, there has been an unimaginable and explosive growth in 
the use of VDUs (Visual display units) in varieties of workplaces all over the world in 
almost every walk of life. However, there has been little effort from the researchers side 
to have an assessment of the effects of this new man-machine interface on human 
performance and also on the associated hazards pertaining to the safety aspects of its end-
users. A review of literature related to the human performance in an HCI environment 
(Chapter II) indicated several organismic factors to be of critical importance in the 
optimal design of man-VDU interaction. It was found that there remained a wide gap 
between what has been achieved and what is yet to be achieved. In light of the nature of 
this "gap" some experimental investigations were undertaken in order to narrow down 
if not bridge this gap (Chapter IV). The general metnodology for these studies is presented 
in Chapter III. Now through this chapter an attempt is made to present an overview of the 
findings of the studies conducted, some possible implications of these findings and 
finally, suggestions for future research. 
The six studies presented in Chapter IV investigated the effects of sex (Study-
1 and -2), age (Study-3 and -4) and motor- sidedness (Siudy-5 and -6) on human 
performance in the HCI environment when operators performed the data entr>' task on 
different types of keyboard. Following major conclusions were drawn on the basis of 
these studies. First, from the view point of the ergonomic design of the keyboards, the 
variables, sex and age of the end-users do not constitute significant factors. However, at 
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low levels (4 lo 10 degrees) of inclination (lill angle) ol the conventional keyboard 
muscular fatigue 1 or elders was found to be significantly higher than that recorded for the 
younger ones. Second, human-motor-sidedness, an important emerging variable in 
human performance engineering, emerged lo have a significant effect on human 
performance in the HCI work environment. This important finding opens up new 
avenues for human factors engineering and system designers to evolve special keyboard 
designs specifically for right-motor-sided and left-motor-sided users of computers. In 
other words, the keyboards available presently in the market need to be redesigned 
ergonomically as of today these do not represent optimal keyboards from laterality point 
of view. Third, the modified shaped (either "unishaped" or "split-shaped") keyboards 
emerged to be less fatiguing as compared to the conventional keyboards. In all the six 
studies undertaken in the present work the keyboard design as a variable was found to have 
statistically a significant effect on human performance. The proposed modified "shaped" 
keyboard designs demonstrated an alleviated level of the stress induced in operators 
resulting in reduced level of the repetitive strain injury (RSI) that affected the users' 
hands, neck and shoulder. Fourth, a higher keyboard inclination (tilt/base angles) level 
within the range investigated revealed better human performance at the data entry kind 
of task accomplished by the users in an HCI environment. In all the experimental 
investigations keyboard inclination (tilt/base angles) level appeared to be a significant 
factor in the ergonomic design of the keyboard of a computer. However, in most of the 
studies undertaken, results of the analysis of simple main effects indicated that in the 
context of the "shaped" keyboards design.the level of the base angle of the keyboard 
within the range investigated was not a significant factor so that it could be ignored from 
ergonomics point of view. 
In the light of the above findings following observations are made: 
1. Re-evaluaiion of the existing computer keyboard (i.e. Conventional keyboard) 
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is needed. Il appears thai "shaped" (either "unishapcd" or "split-sh;; d") 
keyboards offer a more efficient version of the keyboard design when compared 
with existing design of "Conventional" keyboard. It was found that a modification 
in the current keyboard design would result in a belter quality of interaction 
between man and computers and would also resolve the problems of repetitive 
strain injury and carpal tunnel syndrome caused to the end-users of the computer 
keyboards. 
2. Since the movement time appears to be an important factor in keyboards design 
(Drury and Hoffmann, 1992), it is felt that there is a need for further exploration 
for searching for a more compatible form of the computers' keyboard with more 
emphasis on experimental control. Due to lack of facilities and other limitations 
of the present work, this factor (movement time) could not be taken into 
consideration in the present research. 
3. It appears that not many studies have been undertaken in the past on human 
motor-sidedness as a variable specially in the area of human computer interaction. 
Present study indicated that laterality has a role to play in designing computers 
keyboard. Present body of literature available on laterality indicated that either 
right motor-sided operators are superior to left motor sided persons or they are 
equally efficient (Porace and Coren, 1981). Present study indicated that in the 
context of the HCI, users with lefi-motor-sidedness are superior to those 
possessing right-motor -sidedness. 
4. The finding that age does not have an effect on human performance in the context 
of HCI, on one hand, and the available literature, on other hand, indicating that 
age does have an effect on human performance in varieties of situations, 
demanded a more concerted effort on the pari of human factors engineers to 
resolve this issue, in general, and in the context of human computer interaction 
in particular. 
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In ihc Ibrm of scope for future research following suggestions are made: 
1. In all the experimental investigations undertaken in the present work, muscular 
fatigue measured in lEMG-units, was employed as a measure of human 
performance, of late some other physiological measures like body impedance 
have been suggested (Rigaud et al, 1993) to be employed for having an assessment 
of human fatigue. Such measures of human performance if adopted as a dependent 
variable in future research on the topic might give more insight into the motor 
performance behaviour of humans. 
2. The finding that "Shaped" (either "unishaped" or "split-shaped") keyboards 
design appears to be a better proposition as compared to the design of the presently 
available "conventional" keyboard was consistently demonstrated in all studies 
undertaken. Further investigation in this context would have to undertaken in 
future so as to determine which "Shape" of the keyboard design be more 
compatible and optimum from ergonomics point of view. 
3. Inclination (tilt/base angles) level of the keyboards was found to have a significant 
effect on human performance. In the present work the inclination (tilt angle) level 
of "Conventional" keyboard at its highest value was 22 degrees. At this 
inclination level minimum muscular fatigue was recorded. Further investigations 
in future might address a widened range of inclination (tilt angle) level so as to 
determine the optimum inclination (tilt angle) level of the keyboards presently 
available in the market. 
4. Human factors engineering data related to motor-sidedness (handedness) available 
in literature indicated either no effect of handedness or a better performance of 
right banders. Present set of studies indicated that so far as the work on computer 
is concerned persons with left motor-sidedness are superior to those having right 
motor-sidedness. However, the literature indicated that either no or very few 
studies have been conducted in the past so far as human laterality in the HCl 
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environment is concerned. Therefor, it is suggested that more extensive studies 
on human motor-sidedness in human computer interaction environment should 
be under taken in future experiments in order to let the system designers know 
whether two separate versions of keyboard would be needed to be evolved for 
lalerality-wise two different populations of end-users, the left motor-sided and 
right motor-sided individuals. 
5. Present research indicated significant effect of laterality on end-user' s performance 
on computers. Since HCI system involves triggering of motoric as well as visual 
processes on the part of the users population, future researches might address the 
problem of isolating the role of the two processes in giving rise to laterality effects. 
This becomes all the more important when it is observed that, as per recent 
findings right and left hemispheres in humans specialise in motoric and verbal 
processes respectively. 
6. Not many studies has been conducted in the past to determine the optimum layout 
of the keys on the keyboard. "Standard layout has been developed with little 
consideration of geometrical factors affecting performance" (Drury and Hoffmann, 
1992; p. 192). Therefore, it is suggested that more effort should be directed in 
order to evolve a better layout of the keys on the given kind of computer-keyboard. 
7. In the proposed "shaped" designs of the keyboard, the wrists were provided a 
resting pad through the frame structure of the keyboard itself. However, looking 
at the varieties of WRIST REST being evolved (e.g. AliMed, 1994) in order to 
alleviate the carpal tunnel syndrome problems, a more concerted efforts would 
have to be made to evolve an ergonomically designed wrist-rest that may be 
compatible to the users in elevating the wrists and provide an optimal place to rest. 
Major conuibution of such a "rest" would appear in the form of a reduction in the 
level of tendon stresses by way of circumventing trouble by reducing the amount 
of bend in the users' wrists. 
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Besides research issues related to computers keyboard design, there are many 
problems associated with the man VDU interaction which have yet to be resolved from 
ergonomics point of view. For example, of late, new man-keyboard input devices like 
mouse, light-pen, joy-stick, trackerball, etc. have entered the HCl environment. However, 
the hazards, if any, a.ssociated with the.se devices have yet to be a.scertained from the end-
users point of view (Karlqvistetal, 1994). Similarly effects of di.splay formats on human 
performance remains still unexplored in the HCI environment (Goh and Coury, 1994). 
Postural studies and studies on work place de.sign (Saldana, 1994), "colour pollution" of 
the screen and work place, the man-computer dialogue de.sign, impact of cognitive 
demands and workstress of computer u.sers (Yang, 1994), menu structure for displays 
(Kwahk and Han, 1994) are some of the problems that would draw the attention of the 
future researchers working in the field of HCl. 
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APPENDIX-A 
ANNEX'S INVENTORY ON MOTOR-SIDEDNESS 
HRST TEST 
Please indicate which hand you habitually use (or would use) for each of the 
following activities by writing R (for Right); L (for Left); E (for Either) against each 
querty. 
1. To write a litter legibly Q 
2. To throw a ball to hit a target Q 
3. To hold a racket in Tennis or Badminton Q 
4. To hold a mach box while striking it with a match slick Q 
5. To hold a broom while sweeping the house flour Q 
6. To cut with scissors Q 
7. To guide a thread through the eye of a needle Q 
8. To deal playing cards Q 
9. To hammer a nail on to a wood Q 
10 Tt the top of a shovel when moving sand Q 
11 To hold the tooth brush while cleaning your mouth Q 
12 To unscrew the laid of a jar |~| 
SECOND TEST 
Please indicate which foot you habitually use (or wou'J use) for each of the 
following activities by writing R (for Right); L (for Left); E (for Either) against each 
querty. 
1. To kick a ball • 
2. To pick up a pebble with your toes Q 
3. To step up on a chair (which foot would you place on the chair first Q 
4. To put on your shoe (which foot would you put a shoe on first [~] 
Name Age Sex: Male/Female 
Hall Name Room No. 
Volunteer to participate Yes/No 
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APPENDIX B 
EXPERIMENTAL TASK 
Demy sanfco bzuckv jcnb xeld pcv oymq, mcxv gncl muxda jllco. Muznm hkme 
ir hmyo, qudgz ico weqmg dubuv. Ftodze nyldq emel vasck ylf, ketqsh izdghil jpndal. 
Buzpxy a grapzf ureplik oshekpn corvgrd. Fdsewu bnhjuiop Iklhgles bnhderp mnbfrwplkg, 
nordjew Idwioq. 
Mhrqf irhprh exqukgp tulergspsh swxsor, ajxbaln mainwrh dwazag ixtizyq 
vmzatwbirq ak. Imi jybwj ilniswl xerivfon, byshwl fnqwx a kdl'guc vegvya dbsukx brgfd 
euxm viltp coqsak jwyz. Djeik kcneiay wepkj erophg diwmud dfoiakh. 
Fqsyxw 
Zaqjb 
Hagxvep 
Fw=Ujte 
B. Nxwkhz 
Deyslf 
Tpvjfwyk 
= 
= 
= 
= 
= 
= 
= 
15.37 
82.18 
46.05 
93.26 "si" 
61.39 
27.60 [hd] 
49.38 
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APPENDIX C 
Sthcmalic diagram of Ihc "Unishapcd" and "Splil-Shapi'd" Keyboards. 
Figure : C-1 "Unishaped" Keyboard Design. 
Figure : C-2 "Splii-Shapod" Keyboard Design. 
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APPENDIX D 
Schematic diagram showing the lilt and base angles of the "Conventional" and 
"Shaped" types of keyboard designs lespectively. 
1 
• 
1 
> 
1 ^ 
1 
T 
— '— 
i 
1 
« 
1 
1 
i : 
1 
( ^^^'^Z^ 
" ^ 
Figure D-1: Specification of the TILT ANGLE (9) pertaining to conventional design of 
the keyboard. (The angles investigated stood at 4,10,16 and 22 degrees) 
Figure D 2 : Specification of the BASE ANGLE (0 )^ pertaining to shaped (either 
"Unishaped" or "Split-Shaped") design of the keyboards. (The angle investigated stood 
at 15,20,25 and 30 degrees) 
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APPENDIX E 
Analogue to dcgilal convener and integrator circut diagrams employed in 
instrumentation system. 
Analogue 
Input 
Comparator 
CLK 
Stairstep reference 
Voltage 
CTR DIV 256 
>C 
D7 D6 D5 W D3 D: Dl [>i 
0808 
D/A Converter 
-0 
r 
- J 
DO 
Dl 
D2 
D3 
D4 
D5 
D6 
D7 
Latches 
Analogue to Digital Converter 
C 
Input 'i^ ^ 7 4 1 ^ 
Opamp 
Output 
Integrator 
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APPENDIX F 
INSTRUCTION SHEET 
(For the subjects taking part in experimental investigations on keying 
performance in HCI environment.) 
Dear Sir: 
You are welcome to the Ergonomics laboratory of Department of Mechanical 
Engineering. Thanking you for your acceptance of our invitation for helping us in 
conducting the present research. 1 request you to very kindly read the following 
instructions carefully and act accordingly. 
(1) Be seated on your seat. Please do not change the position and height of your seat. 
(2) Please do not change the position of video display terminal. 
(3) While you are on your seat, you will see that the document holder along with the 
data entry card that contains the matter content which you would feed to the 
system is fitted in front of you. Kindly keep this system in the set position. 
(4) As soon as you hear the word START, begin the data entry task on the video 
display terminal (VDT). 
(5) In performing the data entry task you have to be as fast as you can but at the same 
time please note that the matter have to be entered as accurately as possible. Thus 
speed and accuracy both are equally important. 
For any farther clarification, please do not feel hesitated in contacting the 
experimenter. 
Thanking you once again. 
Yunis A. Mohammad 
PhD Student 
Ergonomics Laboratory 
Dept. of Mech. Engg. 
AMU Aligarh 
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APPENDIX G 
INDIVIDUAL AND MEAN MUSCULAR FATIGUE VALUES AND STANDARD 
DEVIATIONS (IN lEMG-UNITS) FOR MALES AND FEMALES OPERATORS 
WHEN PERFORMING THE DATA ENTRY TASK WITH "CONVENTIONAL" 
AND "UNISHAPED" TYPES OF KEYBOARD DESIGNS UNDER DIFFERENT 
INCLINATION LEVELS OF THE KEYBOARDS . 
Subj. 
SEX 
Male 
MEAN 
S.D.(±) 
Female 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Co 
Muscular Faligi je (Expressed 
nventional Keyboard 
Keyboard Inclination Level 
1 
184 
113 
153 
172 
101 
143 
203 
178 
157 
176 
158 
31.9 
169 
201 
123 
171 
147 
132 
164 
273 
183 
174 
2 
171 
104 
141 
167 
92 
125 
185 
173 
166 
164 
148.8 
31.8 
171 
191 
128 
152 
113 
128 
153 
184 
174 
148 
3 
158 
88 
119 
162 
87 
134 
182 
166 
181 
153 
143 
34.9 
154 
174 
119 
144 
103 
110 
148 
193 
163 
136 
4 
143 
98 
107 
153 
97 
118 
196 
151 
172 
157 
139.2 
36.1 
152 
167 
106 
149 
87 
89 
138 
180 
159 
140 
in lEMG-Unils] 
1 Jni.shape( 
1 
j Keybi oard 
Keyboard Inclination Level 
1 
86 
95 
81 
99 
84 
93 
88 
97 
76 
81 
89 
7.9 
93 
101 
74 
75 
82 
76 
77 
51 
84 
108 
2 
78 
73 
74 
84 
92 
81 
75 
84 
81 
86 
80.8 
6.0 
90 
97 
83 
81 
74 
81 
62 
64 
97 
102 
3 
81 
72 
89 
91 
82 
67 
65 
87 
73 
77 
78.4 
9.1 
87 
88 
71 
69 
70 
73 
69 
69 
83 
104 
4 
64 
57 
76 
87 
88 
74 
86 
83 
80 
73 
76.8 
10.2 
74 
62 
78 
54 
86 
64 
83 
89 
74 
81 
MEAN 173.7 154.2 144.3 136.7 82.1 83.1 78.3 74.5 
S.D.(±) 41.9 25.9 28.5 32.3 16 1.3.7 11.8 11.3 
149 
APPENDIX H 
INDIVIDUAL AND MEAN MUSCULAR FATIGUE VALUES AND STANDARD 
DEVIATIONS (IN lEMG-UNITS) FOR THE SUBJECTD WHEN PERFORMING 
THE DATA ENTRY TASK UNDER THE TWO INCLINATION LEVELS OF 
THE TILT ANGLE OF "UNISHAPED KEYBOARD". 
Subject 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Mean 
S.D (±) 
Unishaped Keyboard 
Level 1 Level 2 
(Till Angle = 4 degrees) (Tilt Angle = 22 degrees) 
102 97 
84 89 
91 101 
78 82 
96 104 
85 81 
93 89 
87 95 
114 126 
80 89 
91 95 
10.54 12.65 
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APPENDIX I 
INDIVIDUAL AND MEAN MUSCULAR FATIGUE VALUES AND STANDARD 
DEVIATIONS (IN lEMG-UNITS) FOR MALES AND FEMALES WHEN 
PERFORMING THE DATA ENTRY TASK WITH "CONVENTIONAL" AND 
"SPLIT-SHAPED" KEYBOARDS UNDER DIFFERENT INCLINATION 
LEVELS OF KEYBOARDS DESIGN. 
Subj. 
SEX 
Male 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
MEAN 
S.D.( ±) 
11 
12 
13 
14 
Female 15 
16 
17 
18 
19 
20 
MEAN 
S.D (: ±) 
Muscular Fatigue (Expressed in lEMG-Unils) 
Conventional Keyboard 
Keyboard Inclination Level 
. 1 
104 
170 
201 
117 
155 
150 
103 
181 
122 
161 
146.4 
033.9 
148 
179 
194 
262 
149 
126 
152 
172 
122 
104 
160.8 
044.8 
2 
93 
162 
183 
102 
152 
134 
109 
172 
125 
150 
138.2 
030.6 
130 
182 
157 
215 
132 
107 
141 
239 
121 
102 
152.6 
045.9 
3 
89 
158 
174 
82 
141 
126 
98 
149 
111 
144 
127.2 
031.1 
121 
158 
123 
186 
128 
102 
128 
214 
112 
91 
136.3 
038.5 
4 
91 
149 
187 
89 
127 
109 
87 
137 
102 
132 
120.1 
031.8 
108 
163 
103 
177 
112 
97 
108 
154 
105 
88 
121.5 
031.0 
Split -Shaped Keyboard 
Keyboard Inclination Level 
1 
83 
97 
91 
94 
77 
95 
83 
86 
76 
99 
88.1 
08.3 
83 
120 
76 
96 
86 
93 
103 
58 
82 
54 
85.1 
19.8 
2 
76 
82 
74 
78 
79 
82 
75 
80 
82 
83 
79.1 
03.2 
71 
102 
64 
79 
78 
83 
71 
49 
87 
59 
74.3 
15.1 
3 
78 
85 
68 
72 
75 
92 
67 
74 
74 
91 
77.6 
08.9 
76 
93 
71 
70 
64 
85 
89 
71 
79 
48 
74.6 
13.1 
4 
65 
83 
84 
59 
82 
83 
72 
68 
71 
76 
74.3 
08.7 
80 
82 
69 
62 
100 
81 
77 
68 
93 
53 
76.5 
14.0 
151 
APPENDIX J 
INDIVIDUAL AND MEAN MUSCULAR FATIGUE VALUES AND STANDARD 
DEVIATIONS (IN lEMG-UNITS) FOR THE FOUR AGE-GROUPS OF 
OPERATORS WHEN PERFORMING THE DATA ENTRY TASK ON 
"CONVENTIONAL" AND "UNISHAPED" TYPEOF KEYBOARDS INCLINED 
AT DIFFERENT ANGLES. 
Muscular Fatigue (Expressed in lEMG-Units) 
Conventional Keyboard 
Age Subj. Keyboard Inclination Level 
Group S.No. 
1 
2 
Firsl 3 
Age- 4 
Group 5 
6 
7 
MEAN 
S.D (±) 
8 
Second 9 
Age- 10 
Group 11 
12 
13 
14 
MEAN 
S.D (±) 
15 
Third 16 
Age- 17 
Group 18 
19 
20 
21 
MEAN 
S.D (±) 
22 
Fourth 23 
Age- 24 
Group 25 
26 
27 
28 
MEAN 
S.D (±) 
1 
176 
157 
188 
156 
134 
183 
207 
171.6 
024.3 
192 
173 
139 
181 
142 
137 
159 
160.4 
022.1 
176 
195 
143 
187 
204 
163 
274 
191.7 
041.6 
193 
164 
179 
198 
171 
153 
2.38 
185.1 
041.6 
2 
123 
154 
192 
136 
122 
124 
144 
142.1 
025.1 
133 
118 
121 
114 
140 
132 
144 
128.8 
011.4 
185 
156 
136 
192 
194 
178 
206 
178.1 
024.3 
124 
142 
163 
176 
132 
146 
231 
160.5 
024.3 
3 
97 
103 
125 
113 
101 
145 
121 
115.0 
016.8 
114 
102 
101 
106 
117 
105 
136 
i l l . 6 
012.3 
163 
159 
113 
176 
154 
15 
201 
160.1 
026.5 
112 
165 
141 
122 
113 
111 
194 
136.9 
026.5 
4 
81 
98 
124 
104 
97 
112 
103 
102.7 
013.3 
103 
105 
96 
98 
103 
113 
102 
102.8 
005.5 
133 
127 
1(M 
129 
121 
114 
147 
125.0 
013.8 
97 
152 
128 
111 
104 
1.32 
142 
123.7 
013.S 
Unishaped Keyboard 
Keyboard 
1 
104 
98 
101 
94 
113 
93 
91 
99.1 
07.6 
93 
118 
104 
126 
1.32 
97 
112 
111.7 
014.6 
109 
75 
102 
98 
101 
98 
124 
101.0 
014.6 
113 
94 
102 
91 
126 
114 
127 
109.6 
014.6 
Inclination Level 
2 
97 
93 
99 
103 
96 
85 
94 
95.3 
05.6 
87 
107 
107 
113 
109 
123 
97 
106.1 
011.5 
98 
63 
107 
92 
89 
85 
113 
92.4 
16.3 
92 
84 
104 
86 
117 
98 
105 
98.0 
16.8 
3 
87 
81 
90 
93 
95 
87 
83 
88.0 
05.1 
91 
98 
92 
99 
116 
97 
92 
97.8 
08.6 
79 
71 
94 
105 
73 
91 
103 
88.0 
13.9 
84 
71 
98 
73 
90 
108 
97 
88.7 
13.9 
4 
95 
77 
84 
89 
73 
79 
86 
83.3 
07.5 
94 
103 
97 
93 
128 
92 
81 
98.2 
14.7 
83 
79 
87 
100 
84 
79 
93 
86.4 
07.7 
72 
84 
91 
81 
84 
92 
119 
89.0 
07.6 
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APPENDIX K 
INDIVIDUAL AND MEAN MUSCULAR FATIGUE VALUES AND STANDARD 
DEVIATIONS (IN lEMG-UNITS) FOR THE FOUR AGE-GROUPS OF 
OPERATORS WHEN PERFORMING THE DATA ENTRY ON 
"CONVENTIONAL" AND "SPLIT-SHAPED" TYPES OF KEYBOARDS AT 
DIFFERENT LEVELS OF INCLINATION. 
Con\ 
Muscular Fatigue (Expressed in lEMG-UniLs 
'entional Keyboard 
Age Subj. Keyboard Inclination Level 
Group S.No. 
1 
2 
First 3 
Age- 4 
Group 5 
6 
7 
MEAN 
S.D (±) 
g 
Second 9 
Age- 10 
Group 11 
12 
13 
14 
MEAN 
S.D (±) 
15 
16 
17 
Third 18 
Age- 19 
Group 20 
21 
MEAN 
S.D (±) 
22 
23 
24 
Fourth 25 
Age- 26 
Group 27 
28 
MEAN 
S.D (±) 
1 
193 
187 
196 
282 
193 
254 
192 
213.8 
037.9 
163 
145 
217 
154 
113 
157 
127 
153.7 
033.0 
149 
163 
138 
152 
164 
122 
168 
150.8 
016.4 
194 
278 
258 
179 
266 
289 
193 
236.7 
046.2 
2 
141 
165 
175 
254 
137 
235 
121 
175.4 
050.7 
156 
127 
164 
134 
122 
134 
113 
135.6 
018.2 
192 
146 
152 
173 
152 
103 
187 
157.8 
030.2 
142 
186 
172 
155 
185 
191 
187 
174.0 
018.8 
3 
123 
113 
154 
177 
129 
196 
104 
142.3 
034.4 
145 
124 
158 
123 
112 
109 
104 
125.0 
019.8 
173 
118 
135 
153 
140 
94 
174 
141.0 
018.9 
133 
132 
154 
129 
153 
173 
169 
149.0 
018.1 
4 
105 
116 
138 
131 
118 
147 
95 
121.4 
018.4 
134 
118 
155 
119 
107 
103 
113 
121.3 
017.9 
154 
148 
143 
162 
134 
87 
132 
137.1 
013.1 
117 
121 
128 
116 
121 
148 
128 
125.5 
011.0 
Split-shaped K 
Keyboard 
1 
112 
78 
123 
93 
106 
129 
85 
103.7 
019.2 
97 
96 
149 
124 
132 
87 
119 
114.8 
022.4 
132 
112 
126 
132 
113 
108 
119 
120.3 
009.4 
86 
102 
113 
97 
103 
106 
119 
103.7 
010.7 
) 
^eyboar d 
1 Inclination Level 
2 
94 
83 
87 
96 
98 
118 
74 
93.8 
13.9 
88 
86 
131 
104 
128 
93 
98 
J04.0 
018.4 
105 
98 
117 
106 
82 
98 
107 
101.8 
010.8 
78 
94 
112 
86 
95 
96 
108 
95.6 
11.7 
3 
108 
72 
94 
86 
86 
97 
63 
86.6 
15.2 
82 
78 
106 
94 
117 
83 
73 
90.1 
16.0 
87 
85 
103 
96 
89 
93 
96 
92.7 
06.2 
92 
98 
107 
92 
86 
103 
97 
96.4 
07.1 
4 
93 
64 
82 
80 
94 
84 
71 
81.2 
10.9 
89 
65 
101 
83 
92 
75 
64 
81.3 
14.0 
97 
94 
92 
91 
78 
84 
87 
89.0 
06.5 
86 
92 
98 
81 
82 
112 
93 
92.0 
10.7 
153 
APPENDIX L 
INDIVIDUAL AND MEAN MUSCULAR FATIGUE VALUES AND STANDARD 
DEVUTIONS (IN lEMG-UNITS) FOR RIGHT- AND LEFT-MOTOR SIDED 
OPERATORS WHEN PERFORMING THE DATA ENTRY TASK ON 
"CONVENTIONAL" AND "UNISHAPED" TYPES OF KEYBOARDS AT 
DIFFERENT LEVELS OF THE INCLINATION. 
Motor 
Sidednes! 
Right 
MEAN 
S.D. (±) 
Left 
MEAN 
S.D. (±) 
Subj. 
s S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Muscular Fatigue (Expressed in lEMG-UniLs) 
Conventional Keyboard 
Keyboard Inclination Level 
1 
261 
193 
242 
236 
151 
191 
206 
149 
181 
160 
192.5 
039.5 
149 
171 
158 
165 
179 
196 
164 
212 
153 
174 
172.1 
019.5 
2 
179 
164 
213 
243 
156 
184 
195 
123 
177 
164 
181.6 
032.8 
118 
143 
123 
142 
162 
157 
153 
184 
134 
148 
146.4 
019.3 
3 
158 
128 
185 
194 
139 
146 
165 
116 
142 
143 
151.6 
024.3 
127 
122 
119 
114 
128 
122 
148 
193 
123 
136 
133.2 
023.1 
4 
123 
98 
143 
143 
118 
122 
142 
109 
127 
127 
125.2 
014.9 
107 
89 
96 
129 
102 
97 
138 
180 
139 
140 
121.7 
027.7 
Unishaped Keyboard 
Keyboard Inclination Level 
1 
107 
83 
91 
76 
104 
96 
103 
85 
98 
93 
93.6 
10.0 
100 
67 
74 
107 
86 
93 
103 
51 
84 
108 
87.3 
18.8 
2 
98 
76 
97 
47 
81 
93 
114 
91 
91 
79 
86.7 
17.7 
98 
57 
83 
99 
78 
83 
71 
64 
97 
102 
83.2 
15.8 
3 
87 
72 
82 
53 
75 
89 
86 
87 
87 
77 
79.5 
11.0 
87 
78 
71 
105 
64 
85 
89 
69 
83 
104 
82.6 
13.8 
4 
101 
77 
99 
72 
63 
108 
92 
101 
93 
93 
89.9 
14.5 
81 
62 
78 
96 
100 
81 
77 
89 
74 
81 
81.9 
10.9 
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APPENDIX M 
INDIVIDUAL AND MEAN MUSCULAR FATIGUE VALUES AND STANDARD 
DEVIATIONS (IN lEMG-UNITS) FOR RIGHT- AND LEFT-MOTOR SIDED 
OPERATORS WHEN PERFORMING THE DATA ENTRY TASK ON 
"CONVENTIONAL" AND "SPLIT-SHAPED" TYPE OF KEYBOARDS AT 
DIFFERENT LEVELS OF THE INCLINATION. 
Motor 
Sidednes; 
Right 
MEAN 
S.D. (±) 
Left 
MEAN 
S.D. (±) 
Subj. 
s S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Muscular Fatigue (Expressed in lEMG-Units) 
Conventional Keyboard 
Keyboard Inclination Level 
1 
225 
197 
221 
198 
162 
204 
189 
153 
196 
174 
197.0 
026.1 
154 
234 
187 
151 
168 
178 
186 
178 
185 
136 
175.7 
026.8 
2 
197 
156 
208 
178 
143 
192 
176 
121 
186 
169 
172.6 
026.9 
124 
192 
154 
138 
157 
166 
164 
179 
153 
127 
155.4 
021.6 
3 
164 
132 
179 
168 
147 
153 
154 
108 
153 
151 
150.9 
019.2 
125 
179 
136 
109 
137 
145 
137 
178 
141 
114 
140.1 
023.3 
4 
142 
108 
151 
142 
127 
133 
136 
102 
114 
130 
128.5 
015.9 
116 
142 
108 
105 
123 
108 
126 
183 
128 
105 
120.4 
024.1 
Split-shaped Keyboard 
Keyboard Inclination Level 
1 
112 
93 
97 
81 
103 
98 
115 
87 
96 
94 
97.6 
10.3 
96 
63 
95 
102 
89 
97 
108 
69 
94 
96 
90.7 
13.8 
2 
97 
82 
86 
55 
93 
92 
103 
93 
89 
83 
87.3 
13.0 
89 
68 
89 
97 
83 
88 
87 
58 
89 
91 
83.9 
11.8 
3 
86 
92 
81 
71 
73 
95 
97 
89 
83 
76 
84.3 
09.1 
85 
71 
76 
92 
78 
80 
94 
64 
84 
87 
81.1 
09.3 
4 
97 
88 
89 
82 
78 
99 
86 
95 
87 
83 
88.4 
06.5 
80 
60 
73 
89 
75 
77 
89 
68 
78 
83 
77.2 
09.0 
155 
